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WHAT'S NEW AT BRISTOL . « « 


BRISTOL’S “HUMAN-ENGINEERED” METAGRAPHIC RECORDER, with its easy-to- 
read scale, high-visibility fluorescent pointers and shadow-proof door has 


earned the distinction of being the “biggest little instrument in the business.” 


Instrument men call Bristol’s METAGRAPHIC Recorder 


"+ the biggest little instrument" 


Sounds contradictory, but it’s true. Take a look at 
one of our new METAGRAPHICS mounted on a panel 
board alongside of other instruments. The Bristol unit 
stands out — seems bigger than the rest — although 
chances are it’s actually smaller (5” x 5%”). The 
answer is that the Bristol instruments have been 
“human-engineered”, making them easy to read, and 
clearly visible at greater distances. 

The air-operated METAGRAPHIC, which records 
pressure, temperature, vacuum, flow, differential 
pressure, and liquid level, offers these big advantages: 


SIMPLICITY . . . fewer moving parts, fewer adjustments, 
and less service required. Range changes can be made 
in seconds. True plug-in service. 


BRISTOL 


CONTINUOUS VALVE-POSITION INDICATION .. . on 
same instrument scale as set-point scale, gives con- 
tinuous data on control valve position—makes “bump- 
less” transfer possible simply by matching pointer 
positions — no need to read actual scale values — 
minimizes reading errors — speeds operations. 


CONTINUOUS OPERATION .. . complete unit can be 
retracted for inking pen, and for set-point and zero 
adjustment without disturbing record or control. 


Get the whole s*»ry on the “human-engineered” 
METAGRAPHICS — how they can help you get more 
accurate measurements, faster and easier. Write us 
today. The Bristol Company, 129 Bristol Road, 
Waterbury 20, Conn. 


POINTS THE WAY IN z 
HUMAN-ENGINEERED INSTRUMENTATION 
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AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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YOU DON’T HAVE TO WORRY 
ABOUT THIS TEAM EITHER! 


CHECK THESE ADVANTAGES: 
































OU don’t have to worry about the 
performance of the Taylor TRAN- 
SET System. And equally important, you 
don’t have to worry about its mainte- 
nance, thanks to the exclusive TRANSET 
"| Plug-in feature and complete inter- 
| changeability of all receivers and con- 
" i out—plu ae "ig 

wallets. eons oe pee ew : pus 4. Down time is kept to a minimum, since both 

in another in seconds. It’s that pr The famous combination of Tinker coanecllisen dnl secshues a 

: ‘ M " to Evers to ance could relie J : - 
Think what this ~peruies verms of e upon for perfectly coordinated 4. Maintenance is unnecessary in the area of 
cient, economical plant maintenance. team work. The Taylor TRAN- the panel. Checking can be done in the shop 

. : ° 4 SET System comprises three stars sas: . 

Down time—and process interruption Pe age om eget tp om where full facilities are available. 
is kept to the absolute minimum. Your work together to make the fastest, @, One standard panel cut-out (51/49’’x 4549’) 
instrument men can use their talents to re ae gg Pneumatic rans —_ accommodates 12 different forms of recording 
maximum effect—and keep out of the and 11 different forms of indicating receivers. 


I. You can plug in shop-adjusted instruments. 


2. You can efficiently analyze process difficul- 
ties by quickly substituting a recorder for an 
indicator. 


33. You can switch from the simplest to most 
complete controller in a matter of seconds. 





operator's hair—because instruments can be taken to 7. You conserve panel space without impairing maintenance 
: . facilities, 

the shop for maintenance. And trouble, whether instru- — : a adi ; 

ment or process, can be pin-pointed in the shortest &. Self-purging case for all receivers is especially appreciated 


possible time by simply plugging in a replacement unit in corrosive or dusty atmospheres. 


%. Your plant can be kept running smoothly, without expen- 
of known performance. P an be kept running smoothly xp 


sive shutdowns. 
Complete interchangeability of units is achieved by 
standardizing the output pressure range (3-15 psi) of 
transmitters, controllers and receivers. This means any 





A. TRANSAIRE force-balance temperature or pressure transmitter. 









controller and any receiver can be used with any G- 15 SPEED-ACT* gives rate action in the measuring circuit to compen- 
: ° rae ock of sate for process lags. Narrow range spans. Standard 3 to 15 psi output. 
psi) transmitter. It also means a minimum st Interchangeable unit construction. Temperature and Barometric 
components. Pressure Compensations. 
‘ BB. TRI-ACT Controlier. A force-balance controller with a new cir- 
The Taylor TRANSET System is truly the most versatile cuit ...a mew concept in process control. Booster relay air valve 
. 4 * for faster response of control circuit. Wider response adjustments 
control system available today. Your Taylor Field En than ever before. Panel or locally mounted. 
gineer will tell you how you can benefit from its fea- C. TRANSET Recorder. Fits 5 1/32"x 45/32” opening —a natural for 
: : graphic panels; a great space saver for conventional panels. Powerful 
tures, or a post card will bring you BULLETIN 98097. actuation—bellows operated rectalinear movement. 30-day chart, 
Taylor Instrument Companies, Rochester, N. Y., and 3-hour visible record. Everything needed for remote control. 
Pp ’ ’ 






Toronto, Canada. 


Taylor [nslrumenla MEAN ACCURACY FIRST 


February 1954 




























. 


N THE few remaining months before the Annual Con- 

ference of our Society many Sections will elect to office 
their National Delegates. These men and their associates 
whose term of office includes Sep- 
tember, 1954, will meet at the time 
of the Annual Conference to deter- 
mine the policy and future of our 
Society. 

The philosphy behind the nomina- 
tion and election of these men in 
their Sections deserves an increas- 
ing amount of consideration. It may 
be well that the continuing growth 
of ISA will depend upon Service in 





W. H. Brand office—with any other factor, such 
as Honor in office being much less 
important. There can be no patronage in the National 


Council of the Society. Each and every one of us must 
select our candidate for Delegate on the basis of his ability 
to do the following things: 

(1) Attend all called meetings. 

(2) Evaluate previous records and current reports of 

National Officers. 

(3) Assimilate past history to acquire an understand- 

ing of the conditions which affected decisions. 

(4) Converse with local, regional and national groups 

to determine grass-roots thinking. 

(5) Act on the accumulated information with consid- 

eration. 

Approximately 150 individuals are engaged in the activi- 
ties of the Society’s Technical Division, the Recommended 
Practices group includes almost 100, the General Relations 
Division has 50 members, with the President’s and Opera- 
tions Divisions adding perhaps 60 more. These areas of 
effort offer valuable source material to Sections and Dele- 
gates. Any information or assistance desired hy a Dele- 
gate can be obtained from these individuals or groups for 
the asking. The background or level of information achieved 
by any one member can be what he cares to make it. 

Local Sections could help immeasurably in Society guid- 
ance by having a discussion of current problems in advance 
of the Annual Council Meeting and by giving their Delegate 
instructions to assist him in his voting on all matters of 
Society business. Attendance at Council meetings by all 
local Section officers able to attend will enable them to 
bring home some of the philosophy behind Council action. 
Great advantages can be obtained by both Delegates and 
Sections if prospective Delegates are encouraged to attend 
these meetings. 
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When the Society President calls the Council to ong 
next September, the roll call should be answered by mon 
than 70 Delegates or their Alternates who have seen th 
agenda for the meeting and who are ready to discuss th 
questions. In past years the writer has seen as many 
twenty vacant seats at the Council table. An area of @ 
fusion arises in each case when a Delegate is not propery 
authorized by his Section. By protocol each Delegate and/g 
Alternate must be authorized by his Section thirty day 
before the meeting of the Council. Failure to have a Dee 
gate present or failure of a Section to validate a Delegate 
attendance indicates a lack of interest on the part of ® 
local Section. 

Current practice in National affairs provides that Dee 
gates select members of the National Nominating Commit 
tee from the Council body. At the Annual Meeting of t® 
Council thirteen regional groups of Delegates select om 
from each group as its Nominating Committee Membe 
The thirteen or more of these group-designated Delegate 
form the Nominating Committee. During the several yea 
that one particular Section had a member on the Nationa 
Nominating Committee, repeated polls of the other Dee 
gates in his regional group produced no suggestions f@ 
candidate material. Finally these other Delegates, in effet 
gave this Nominating Committee Member carte blanche a 
proval for his choice of candidates for the slate. 

This lack of constructive comment has a serious effect @ 
Society growth in that a minority group does most of tht 
work in outiining Society philosophy and in continuing tht 
offices. A Section which participates by membership @ 
Committees in all branches of Society operation has# 
weighted opinion in all comment—be it critical or othe 
wise. The comments of this Section will materially receiv 
more consideration than those of a Section which meréf 
receives reports, but does not obtain the additional nece® 
sary background. 

With some of the above thoughts in mind, it behoové 
all of us to weigh our actions more carefully and to havé 
at the 1954 Council Meeting, as well as all meetings there 
after, a Delegate who is authorized, who is informed of | 
the current status of all agenda items, who knows his 8@ 
tion’s desires or opinion, and who will vote with consider 
tion on all matters affecting the increasing stature ail 
future of the Instrument Society of America. 
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DIAL “‘K’’ FOR KNOWLEDGE 


By Sir Robert Watson-Watt 


Editor's Note: This guest editorial is a contribution of the Montreal Section of the Instru- 
ment Society of America where this talk was recently presented. To Sir Robert, we 
express our thanks for his permission to publish his remarks, and to the Montreal Sec- 
tion officers, our appreciation for bringing such a renowned figure to the pages of the 


ISA JOURNAL. 


PREVIOUSLY ventured to address a society in a Canadi- 

an province under the title “Is the Customer Always 
Right?” A technical journal, published in the same prov- 
ince, rebuked me for misaddressing my remarks by making 
them to Engineers when they ought to have been directed 
to Management. That brought me another assignment, be- 
cause in the due efflux of time, I was invited by the Canadi- 
an Industries Management Association to talk, to Manage- 
ment, on a subject closely related to that of my Association 
of Professional Engineer’s address. As I say, on this earlier 
appearance I was concerned with the question “Is the Cus- 
tomer Always Right’’, and I wanted to demonstrate that he 
wasn't always right. It was true that I wanted then to put 
my views primarily before Management; I now want to 
treat Management as our customer. There is one way in 
which the customer is always right. When a seller fails to 
sell his product, or himself. to a potential customer—then 
the customer is indeed rigit. Anybody who wants to sell 
a product and doesn’t learn how to put it over to the cus- 
tomer is wrong; and the customer is right in rejecting, or 
at least in doing what the Scots call “taking to avizandum”, 
the proposal that he should be a purchaser. 

There has been a tremendous lot of what I may call 
“post-war natter” about electronics, instrumentation, opera- 
tional research, electronic computers, and so on, and I am 
sorry to have to report that the last person who talked to 
me about this kind of “natter” describes it as “fundamentai- 
ly long-haired”. He said that the businessmen to whom 
it was addressed just didn’t understand the language in 
Which people were trying to sell electronic devices and 
related things to them. This evening I am aiming to get 
at Management, but I am speaking to a specialized institu- 
tion of practitioners in the art and science about which I 
Want to talk. I address myself to them, and not directly 
to Management, because it is they who must persuade 
Manarement. 

When I chose the title “Dial ‘K’ for Knowledge”, I had 
the very specific purpose of making it clear from the be- 
ginning that I wasn't going to talk to you about particular 
techniques in instrumentation. I wanted to point out that 
the basic creed which we all hold involves the dial, a gen- 
eralized dial if you like, as the essential implement of what 
We call “knowledge”. 
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Management knows, in general terms, that the need for 
instrumentation in production and the uses of instruments 
in production units, depend on certain basic qualities which 
must be shared by all instruments and all instrument sys- 
tems. The ability to measure instantaneously, to indicate 
conveniently (which includes indicating remotely), to re- 
cord continuously, and to integrate usefully, physical vari- 
ables which are important in production processes, and to 
contribute, with or without the direct intervention of human 
minds, to the control of these processes. It knows that the 
wise utilization of suitable instruments in this way can aid 
in achieving many of the intermediate or ultimate aims of 
management. Instrumentation can serve towards improv- 
ing the product, diminishing the cost, increasing the pro- 
duction rate, protecting the worker and the plant, increas- 
ing the efficiency and work-interest of the worker, develop- 
ing new products, and creating new industries. 

But what puzzles Management, what Management wants 
to know, is how it can best get “suitable instruments”; 
how to get them built into wise systems of instrumenta- 
tion, how to improve, and when to replace parts of the 
systems, in what must necessarily be an intermittent and 
not a continuous process of improvement. 

But it must be obvious that you can sell to Management 
only if you, yourself, not only know what you are trying 
to sell but also understand something of the Management 
mind and talk something of the Management language. 
Nor can you sell to Management, nor go on selling to Man- 
agement, if you don’t deliver at Management's speed. 

What we have to explain to ourselves, to our own satis- 
faction, before we try to sell instrumentation systems engi- 
neering to Management is, for example, why Management 
can’t just buy the instruments from a catalogue, why it 
can’t get its instrumentation from the sales engineering 
service of an instrument company. I hope to convince you 
that it is necessary (but not even then sufficient) to have 
a well-selected, well-organized, well-integrated instrument 
engineering division within the company. Beyond that, in 
fact, there is quite a useful place for such licensed busy- 
bodies from the outside world as myself and my colleagues 
in the scientific advisory and consulting world. This is so 
in the chain of responsibility, and the not necessarily 
identical chain of authority, for instrumentation in any 
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industry. It isn’t,.of course, justifiable to assume that the 
instrument engineer has only to deal with an existing plant 
already in production. He may have the good fortune to 
be able to start from a clean drawing board. But the argu- 
ment that I am going to present will not be invalidated by 
assuming that there is an existing plant working and that 
it has some instruments. The instrument engineer will 
almost certainly have cut his teeth on one or more such 
plants in full operation, so that the judgment which is his 
most important asset, has come in large measure from older 
plants, even if he is now applying it to the design of a 
new one. 

And so in tracing briefly the mental history of an in- 
strument application, it is fair to visualize a plant in active 
production. The instrument engineer brings to it two fields 
of special knowledge and expertise. His job is to match 
elements taken from each of these two fields, as a means 
of producing a better or an altogether new result. On the 
one hand, he must have an intimate knowledge of the ob- 
jective of the plant, of the detailed process of production 
from input to output, and of the qualities desired in the 
product. On the other hand, he must have a fund of pre- 
cise information on the form, performance, and limitations 
of available instruments and instrumentation systems, in 
his own and in other industries. His knowledge in both 
fields must be quantitative, and it must be quantitative in 
relation to costs as well as in relation to purely technical 
factors. And what I may call the instrument of marriage 
between these two fields is the still indefinable quality, or 
group of qualities, which we call vision, insight, intuition, 
imagination, ingenuity, or inventiveness which creates from 
two regions of the known, a new device not known before. 


The first step in such things is the logical development 
and exact definition of the problem to be solved. It is a 
depressing, sometimes a frustrating, and always an in- 
structive thing to find how comparitively rarely is the 
problem to be solved put into a form where there isn’t room 
for substantial misunderstanding. This definition of the 
problem leads to the formulation of what the military sup- 
ply people have learned to call the “Operational Require- 
ment”. The statement of this requirement must have a 
positive and a negative face. It should show explicitly 
what is desired to be achieved and, equally explicitly, what 
is to be avoided (including for example, the passing of a 
stated limit of expenditure of time, effort, or money). 
However, it is of the utmost importance to a satisfactory 
outcome that this formulation of the operational require- 
ment should not be influenced, save in the most general 
way, by the mental image of a particular and specific 
solution. 

Well, the effect desired having been thus specified, the 
means for producing it must now be selected or devised. 
And here or earlier, there is a whole batch of implicit 
negatives to be remembered. The chosen device must not 
be too big, too heavy, too delicate, too insensitive, or too 
difficult to read; it must match into existing systems and 
groupings; it must not demand auxiliary services or sup- 
plies which are not already or readily available in the 
ensemble, and so on. It must not require a resident nurse; 
it must be matched to the qualifications and the experience 
of the man who has to heed and act on its indications. It 
must have a reasonably high overload capacity, it should 
preferably be self-checking, it should preferably be auto- 
matically self-fault-reporting, and so on. 

Much of the necessary knowledge, judgment, and wis- 
dom come from experience, but they are invaluable pro- 
fessional qualifications which are not bestowable from the 
outside, and not bestowed on very many people. And again 


it must be emphasized that this knowledge is of two kinds, 
one of the general process reasons behind the specific de- 
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mand, the other a knowledge of the range of possible 
old and new, for meeting i‘. The good instrument eng 
must be well on the way to writing the new instr» 
catalogue while he is reading the old one. It is primam 
this wide range of knowledge of the “catalogues”, ; 
or hypothetical, the awareness of an embarrassment 
riches, that saves the good instrument engineer from 4 
crippling disease of the “black-box fixation”; the be 4 
of the requirement to fit one pre-selected soiution. Op 
other hand, it is the still unanalyzable “flair”, this 
quantitative gift of original and creative type of think 
more akin to poetry and painting than to physicg 
plumbing, that is the finest tool in the in trument ¢ 
neer’s mental kit. This is one of the points that mug 
got into the minds of Management, that juct as there 
an indispensable, intangible, element of flair in the 
pertise of Management itself, there is « parallel flair ® 
the expertise of instrument engineering, and that just 
you cannot build very much flair into an electronic og 
puter, you cannot build very much flair into an instrumg@ 
catalogue. 







The professional practitioner has looked at the prody 
tion line patient, has diagnosed, has prescribed the cureg 
the tonic, and he now has to see to it that it is propay 
dispensed and properly administered. He has a procs 
ment job to do, with all its essential drudgery of control 
costs and phasing deliveries of partial pre-assemblies, a 
of final introduction with a minimum disturbance of py 
duction. You know that the instrument division has} 
bring the instrumental system into use, and that this 
infrequently involves taking, temporcrily, the whole ® 
sponsibility of bringing the revised production systemg 
a whole into first use. The starting up of a modern pla 
will often involve tuning-up and running-in by an inst 
ment man with a knowledge of process, rather than byy 
process man with a knowledge of instruments. But Ma 
agement may too easily overlook the negative phase, thi 
the lack or failure of a single minor component from 
instrument in the system may hold up the whole ope 
tion of production. This is a simple rudimentary meas 
of the responsibility of the instrument engineer. We sti 
have to look at the degree of authority which should@ 
with that responsibility. There is a time-honoured, @ 
should I say a time-dishonoured, crack about the enjoymal 
of power without responsibility. Less has been said ail 
written about the grievous harm done by allocation @ 
responsibility without power, or, to use the vocabulary@ 
organization, of responsibility without authority. Too oft@ 
the introduction of new instrumentation is followed byt 
period in which the instrument engineer sees and heat 
little or nothing of his successes in his new product, @ 
much of its defects and failures. Too seldom is he endowa 
with authority to ensure that the measure of success all 
failure is taken, in numerical units and in strictly objectitt 
form, by a strict log and record system designed and malt 
tained for his purpose and not merely for those of the pw 
duction man. 












The instrument engineer should be given his writt@, 
license of authority to nose into the whole production pret 
ess, to research into and to formulate new instrumenlél 
requirements, to require the reporting of performance # 
a form in which he can analyze it, and thence to synthesitt 
his conclusions into still better instrumentation. I talk@ 
him as if he were one individual “him”, I mean of cour 
that the instrument division may contain “back-room boys 
who actually design, construct, and install instrument syt 
tems, but it must contain my licensed busybodies’ oper | 
tional research to discover why and where instruments 
needed, to discover how best they can fit the process, be 
personnel, the environment, and to examine later how 
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they are so fitting. He may delegate to others outside the 
instrument division the actual recording of information he 
needs for analysis, but he should be given the authority 
‘to ensure that he gets the right information in the right 
form at the right time. 

The most important element in his authority is, per- 
haps, the mcst difficult of acceptance by Management, and 
for that reason I argue towards it through a re-appreciation 
of these three contributors to good instrumentation that I 
have already mentioned: the instrument manufacturer, the 
company’s instrument division, and the instrument advisor 
from “outside” (and observe that I put invisible quotes 
around the word “outside”). Much more obviously than in 
the United Kingdom, the potential customer in the United 
States can draw heavily on the great wealth of knowledge, 
informatio:, and advice offered by the instrument manu- 
facturer. Here he has an apparently free advisory and con- 
suiting service, with experience over a much wider front 
of industry than is open to one producing organization, and 
that service is ready to give him a completed design for 
his own instrumental system to be accepted or rejected 
without apparent obligation. Why then should he have an 
instrument division of his own? At the lowest, because the 
division knows, as no “outsider” can discover in the eco- 
nomically available time, the niceties and specialisms of 
the company’s processes, the special gifts and the special 
limitations of the company’s personnel. It isn’t that this 
kind of information is deliberately withheld from the in- 
strument manufacturing company, which holds and safe- 
guards much knowledge of its customers’ most highly con- 
fidential methods. It is rather because real familiarity with 
such things is largely breathed in with the air of the plant 
and the office. It is almost literally a matter of inspiration. 


So, there must be a company instrument division. But 
why an instrumentation advisor or consulting instrument 
engineer from “outside”? Because familiarity breeds fixa- 
tion and myopia, because expertise is a specialization with- 
in a specialization, because, just as the instrument com- 
pany looks at the potential customer’s needs by the coloured 
glow of its own product, so must the company engineer, if 
he is to be very good at one group of things, develop a 
nearly unconscious group of solutions. He becomes an ad- 
dict to gear trains and levers, or to hydraulics, or to pneu- 
matics, or to electronics; a particular black box decorated 
with his own favourite pink flowers obtrudes itself between 
him and a strictly objective scrutiny of the operational re- 
quirement; indeed it is liable even to distort his part in the 
formulation and interpretation of the requirement itself. 

Against this danger there are two stages of defense; 
one internal, one external. I have said that there should 


be operational research minds within the instrument di- 
vision, and (preferably) those minds should be in different 
bodies from those of the instruments and systems designer. 
Now the qualities of the operational researcher have been 
enumerated as including insatiable curiosity and incurable 
indiscipline; but there is one quality above all others that 
I may not have emphasized sufficiently. He must be warmly 
human in his approach but he must be absolutely cold- 
blooded in his conclusion. He must have no “amour propre” 
and no prejudices, or to be more precise, he must be so 
conscious of having both that they are-denied any effect on 
his work. He must care desperately that his conclusions 
and his recommendations are right, but he mustn’t care a 
hoot whether they be accepted or rejected. He must resign 
himself to the chill prospect of the waste-paper basket. 


And what about this difficult point on authority around 
which I have fenced to this moment? It is a consequence 
of what I have just said that the operational research staff 
concerned with instrumentation should report, at their dis- 
cretion, directly to a high executive level, above the head 
of the instrument division, above the level of the chief 
engineer, and through neither of these offices. This be- 
cause, as the only people paid to be strictly and absolutely 
objective, they must be assured that the objectivity of their 
findings is not impaired by an unconscious lack of objectiv- 
ity in their presentation and explanation. It isn’t enough 
that their written word be presented unamended to the 
executive committee or to the president. Good as it is, 
it needs argument and amplification by the authors them- 
selves, in constructive debate with the high executives who 
talk a different mental language. The operational research 
man must have authority to talk with the president and 
with the floor sweeper. I make no apologies; I repeat that 
the operational researcher is incurably indisciplined. 


There is something that cuts even more deeply into the 
traditional organization and discipline in industry, and it 
will be obvious to anyone who has followed my argument 
up to this point. It’s this: there may be explicitly labelled 
operational researchers within the instrument division, but 
there should, in fact, in a well organized business, be a 
general operations research division reporting directly to 
a senior vice-president at the least, or the president, or 
the executive committee, if it exists, and providing opera- 
tional researchers wherever they may be, required within 
the organization. They are, if you like so to say, licensed 
snoopers, but they are not licensed spies, and if I may refer 
to my wartime experience and treat it as typical, they will 
be respected, admired, liked, ultimately welcomed, helped, 
and deeply appreciated by those whom they have the job 
of putting on the dissecting table. 


St ROBERT ALEXANDER WATSON-WATT, C.B., F.R.S., a native of Angus, Scotland, is considered to be England’s 


foremost radar authority. 


He was first Director of Communications Development in 1938 and in 1940 was Scientific Advisor on Telecommuni- 
cations in the Air Ministry and in the Ministry of Aircraft Production. In 1942 he was Vice-Controller of Communications 
of M.A.P., and in 1943 served as Deputy Chairman of the Radio Board of the War Cabinet under the Chairmanship of 


Sir Staiferd Cripps. 


After the war Sir Robert retained his appointment as part-time Scientific Advisor in the Air Ministry, to which were 
added corresponding appointments in the Ministry of Supply, the Ministry of Transport, and the Ministry of Civil Aviation. 
In 1947 he founded the Scientific Advisory and Engineering Practice of Sir Robert Watson-Watt and Partners, Limited, 
in London. Similar practices were later established in New York and in Montreal. Sir Robert is also Scientific Advisor to 


the Defense Research Board at Ottawa, Canada. 


His honors include his Knighthood, conferred in 1942, the Companion of the Order of the Bath, awarded in 1941, Fel- 
lowship of the Royal Society, the U. S. Medal for Merit, the Valdemar Poulsen Gold Medal of the Danish Academy of the 
Technical Sciences, the Hughes Medal of the Royal Society for his pioneer researches in radio-telegraphy, and a special 
monetary reward from the British Government in recognition of his work in radar. 


Sir Robert, who has received honorary degrees from three colleges, became a Fellow of the Institute of Radio Engi- 
Reers, New York, in 1947, and was appointed Vice-President in 1950. He is immediate past-President of the Royal Meteor- 
ological Society and of the Institute of Navigation in the United Kingdom. 
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The Fundamentals 
By EVERETT S. LEE* 


io me the most satisfying approach 
to my subject is through the famous 
Lord Kelvin: statement, 

“T often say that when you can 
measure what you are speaking 
about, and express it in num- 
bers, you know something about 
it; but when you cannot measure 

it, when you cannot express it in 
numbers, your knowledge is of a 
meagre and unsatisfactory kind; 

it may be the beginning of 
knowledge, but you have scarce- 
ly, in your thoughts, advanced to 
the stage of Science, whatever 
the matter may be.” 

Measurements are a fundamental in 
research; measurements are a funda- 
mental in engineering development. 

When I speak of research I am think- 
ing of the scientist who is bringing 
forth new knowledge from nature. He 
is exploring the unknown. In making 
his observations, he uses the instru- 
ments and measurement devices which 
are available. With many of these he 
is familiar. But there may be some 
available with which he is not familiar. 
So he consults his measurements asso- 
ciates and the instrument engineers to 
be sure that he has the use of all avail- 
able equipment. 

Sometimes this is enough; it gives 
him all he needs. If so, he is indeed 
fortunate that the scientists and the in- 
strument and measurement engineers 
have made available all that is neces- 
sary for him to carry on with his work. 

But it is not always as easy as that. 
More often in his exploration of the un- 
known, the scientist finds that the phe- 
nomena he is observing cannot be meas- 
ured with available instruments, or 
perhaps only partially so. Then his 
explorations must of necessity become 
those of research into methods of meas- 
urement. And, as he undoubtedly is 
the best equipped of anyone to do this, 
he should do it. 
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But it would also be well for him to 
tell his instrument engineering friends 
what he is doing. Then they can give 
him what help they can. But more im- 
portantly, they will be readying them- 
selves to take the new knowledge from 
him and develop it into new instruments 
to operate in the new field of discovery. 
And if they can work with him, and be- 
come engrossed in his problems, so 
much the better. 

Most of our instruments have come to 
us in this way. The research scientist 
is the first to know of the new knowl- 
edge. He is the first one to appreciate 
the need for new measuring instruments 
in the zone in which he is working. 
And as our measuring instruments are 
the embodiment of the laws of nature, 
so do they begin to take form as the 
resarch scientist penetrates further into 
the unknown to bring forth the observa- 
tions and thus establish the very laws. 
He knows best of all the limitations and 
the deficiencies of the existing methods 
of measuring. So he is in the best 
position to contribute new measurement 
knowledge. 

The instrument engineer who is 
fortunate to be situated near to the re- 
search scientist has a wealth of new 
knowledge constantly being brought to 
him. To this knowledge he can apply 
his instrumentation ability and under- 
standing to bring forth and to perfect 
new means of measuring. And he can 
do this just as fast as he is able to make 
use of the new knowledge. Thus the 
research scientist can then use the new 
instrument for further exploration. 

In engineering development the proc- 
ess is the same. Here the engineer is 
taking the new knowledge from the re- 
search scientist and fashioning it into 
a product. He uses measurements here 
also, and he needs the best of instru- 
ments to measure the performance of 
his product. So he uses all that he 
knows, and he also brings in the in- 
strument engineer to fill in those por- 
tions which are not familiar to him. 
The instrument engineer can supply in- 
struments and means of measurement 
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from his knowledge of what is ayaj 
able. Or he may see there is a probly 
of supplying new instruments, as ng 
measurement quantities or new areasg 
old quantities become needed. So agai 
the instrument engineer learns of 
need for new products, or the devel 
ment engineer himself may be able§ 
bring forth the new instrument, or thy 
may do it together. 

This is the situation in which & 
search scientist and instrument @ 
gineer, or development engineer and} 
strument engineer, are in close enougy 
contact to supplement each other. Ai 
it is an optimum situation. 

Where the scientist or develop 
engineer does not have the advantay 
of an instrument engineer, he is ati 
disadvantage. On the other hand, whet 
the instrument engineer does not hat 
the advantage of close association wil 
the research scientist or the dev 
ment engineer, he too is at a disad 
age. In both cases, the disadvantage 
must be overcome. ¥ 

The research scientist and develip 
ment engineer usually solve the probiat 
by doing themselves what the instt® 
ment engineer could do for them. TH 
instrument engineer must overcome Mf 
disadvantage by studying to keep a 
vised of all progress in his field, 
eagerly looking into the uncharted por 
tions of his field to do some instrumell 
research and development on his own. 
It is not unusual for good instrume® 
engineers to do this, and to advantage 

I picture the research scientist ® 
being broad, covering every field; tt 
development engineer also as coverilf® 
every field; and the instrument @ 
gineer, as a broad engineer coverilf 
every field. It is in this concept of 
breadth that the relations I have @ 
scribed apply. z 

There are, of course, research sciet 
tists and instrument development @& 
gineers who work directly in the 1 
of measurements and instruments. The) 
turn their products over to the instt® 
ment design engineer, that he ma 
make them available in quantities. 4 
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of these people, in turn, watch their re- 
spective fields for advances. 

The productivity of our industrial 
power has been greatly affected by the 
knowledge brought forth by measure- 
ments. Such knowledge has allowed us 
to go forward with certainty. Where 
there has been failure, it is largely be- 
cause we have not measured or been 
able to measure. 

In our nation today there is urge 
everywhere to go forward. The re- 
search scientist has the urge to bring 
forth new processes, and new materials 
of greater strength and endurance for 
use in greater zones of performance. 
The development engineer has the urge 
to bring forth new products, for ad- 
vances in every field. The design en- 
gineer sees the need and opportunities 
ahead for advances in products to give 








greater productivity in performance. 
The application engineer sees the im- 
provement in systems. The construc- 
tion engineer and the operation en- 
gineer see the need for larger units for 
greater efficiency. The engineer in 
management sees the problems to be 
solved, as operations assume larger and 
larger proportions. And they all use 
measurements. 

The need for the instrument engineer 
is in all of these. But particularly he 
should live as closely as he can to the 
research scientist and the development 
engineer. Thus as new knowledge is 
made available ,it may be turned into 
products that bring advances through- 
out the range of engineering activity. 
This is one of the fundamental bases of 
our greater national productivity. 





By E. P. FELCH 





| th I HAVE been asked to express my views 
j very briefly on the subject matter of 
d ' this discussion. As I see it, the funda- 
ough mentals involved in instrumentation in 
research and development are those fac- 
¥ tors which are least subject to change. 
Upon this assumption I will avoid, as 
tage far as possible, reference to specific in- 
at 4 struments and measuring techniques. 
hen? Instead, I hope to introduce into this 
discussion my impressions of the prob- 
lems involved in providing scientists 
and engineers with adequate instrumen- 
tation. Of necessity, because of my 
affiliation, my remarks will pertain 
>} most directly to the operation of large 
organizations. However, I believe that 
i most of the points are applicable to lab- 
mi oratories with staffs of 20 or more. 

; It seems to me that the provision of 

i} adequate instrumentation for scientific 

i} ©workers is as much a logistic and eco- 

nomic problem as a technical one. In 

speaking of over-all technical facilities, 

Dr. M. J. Kelly, the President of our 
laboratories, said recently, “The answer 
to the question, ‘What should the in- 
vestment be to realize the maximum 
productivity?’ is at least as obscure as 
| that of the optimum amount of iechni- 
f} calaid. Certainly in my experience, as 
the level of investment in technical 
facilities has grown, productivity has 
increased.” It is becoming increasingly 
dificult to insure that staff members 
have the use of the instruments which 
they require at the time they need them 
While maintaining an instrument 
budget within reasonable bounds. 

The operations of our laboratories are 
tonéucted in three principal locations 
Separated by distances of 12 to 30 miles. 
The activities of these laboratories 
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cover an extremely wide range. Re- 
search in solid state physics, electronic 
apparatus design, and the development 
of radio relay and carrier telephone 
systems are but a few of the manifold 
activities at the Murray Hill, New Jer- 
sey laboratory. The work of our Whip- 
pany, New Jersey laboratory relates 
principally to military projects for the 
armed services. The New York City 
laboratories are concerned to a consid- 
erable extent with the development of 
telephone switching apparatus and sys- 
tems. At each of these locations a 
Central Instrument Bureau has been in 
operation for a long time. I have until 
recently been concerned with the de- 
velopment of electronic measuring ap- 
paratus. This assignment provided me 
with a vantage point from which to 
view the operations of the Instrument 
Bureaus. Now that I em no longer 
officially concerned with instrument de- 
sign or assignment, I feel some freedom 
to express my views in this field. 


In providing instrument services 
there appear to be three important 
functions. These might be called ad- 
visory, provisory, and supervisory. The 
advisory function is concerned with in- 
suring that the user knows what he 
needs, the provisory function, that he 
needs it, while the supervisory function 
should insure the maximum utilization 
of all instruments. 

The advisory function can be handled 
most ably by personnel thoroughly 
familiar with both the technical aspects 
of instrumentation and the commercial 
availability of instruments. A catalog 
file maintained meticulously up-to-date 
is an essential. A very effective method 
of insuring the freshness and complete- 
ness of this information is for the cus- 
todian of the file to attend the exhibi- 
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tions associated with such meetings as 
this. The advisory personnel may ad- 
vantageously be assigned to the devel- 
opment of special measuring apparatus 
for which no commercial equivalent is 
available. I feel every strongly that the 
practice of designing or building in- 
struments equivalent to commercially 
available ones cannot be justified on 
economic grounds. 

The provisory function can be handled 
by personnel with less technical back- 
ground. However, there are advant- 
ages in having these individuals trained 
in the maintenance and repair of in- 
struments. An instrument which is in- 
correct or partly inoperative may result 
in erroneous conclusions in a critical 
experiment and have far-reaching re- 
percussions. Skilled instrument tech- 
nicians, by spotting incipient troubles 
and repairing them, can prove their 
worth. Calibration of instruments prior 
to their use in critical applications is 
often advantageous. This seems a prop 
er function of an instrument bureau. 
Minor repairs and the diagnosis of the 
need for major repairs can effectively 
occupy the time of Instrument Bureau 
technicians. 

The supervisory function which 
should determine the maximum utiliza- 
tion of all of the instruments in an 
organization should be entrusted to a 
representative of management. A com- 
plete file showing the type and location 
of every instrument is most helpful. 
With the aid of such a file a needed in- 
strument can be located quickly, and in 
a surprisingly large number of cases 
mutually satisfactory loans can be ar- 
ranged by the Instrument Bureau. 

Various schemes have been employed 
for assignment of instruments. These 
range from assignment to individual 
engineers to assignment to large pools 
covering several departments of a lo- 
cation. The effectiveness of these 
schemes seems to depend more upon the 
operation of loan arrangements than 
upon any other factor. If an engineeer 
feels that he has easy access to other 
people’s instruments when they are not 
using them, he will in most cases be 
willing to loan those assigned to him. 


(Cont'd page 12) 
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If, on the other hand, borrowing is diffi- 
cult; “squirrelling” or hoarding of oc- 
casionally used instruments results. An 
intermediate approach to the assign- 
ment problem has probably been the 
most successful. Individual groups are 
assigned instruments which they expect 
to use the majority of the time. The 
Instrument Bureau provides the instru- 
ments which are used only occasionally. 
Instrument: Bureau loans are restricted 


Research and Development 


to a maximum time duration of three or 
four months. Under this arrangement 
the Instrument Bureau endeavors to 
maintain a stock having the widest 
possible usage. It has been found in 
practice that the Instrument Bureau 
need not have a large stock of instru- 
ments on their premises at all times. 
By reference to the records mentioned 
above, it is easily possible to locate a 
needed instrument in a very short time. 








By T. C. FLETCHER 


uR interests complement those of 

the other members of the Panel, 
for as an instrument manufacturer, we 
are particularly interested in making 
our equipment more useful. Further, 
we wish to work closely with research 
and development laboratories as a 


means of developing better’ instru- 
ments; instruments which make the 
best compromise between operating 


parameters, such as accuracy and sensi- 
tivity, and factors such as ease of op- 
eration, flexibility, reliability, and cost. 

In order to develop a new instrument 
we must first know of your need. This 
is a big problem, for the actual needs 
of the customer are often ill-defined. 
He may not know, for instance, whether 
the instrument must be accurate to 1 
per cent or 0.1 per cent. However, be- 
fore an instrument is started, it is 
necessary that the needs be well de- 
fined, and by accurately stating them 
you will help yourselves as well as the 
instrument manufacturer. The em- 
phasis is on need and not on what you 
would like to have. It may be nice to 
have an instrument with ten times the 
necessary accuracy or sensitivity, but 
you can be sure that in obtaining it at 
least one other design factor will have 
to be compromised. 

We also must know what operating 
features you require. Are you inter- 
ested in a versatile instrument with 
which you are able to perform a great 
variety of tests? If you do, you will 
have a comparatively expensive piece 
of equipment which will allow only one 
experiment to proceed at a time. Con- 
trast with this a number of simpler 
special purpose instruments which will 
often do the same’ job more adequately 
and, furthermore, allow several experi- 
ments to proceed simultaneously. 

Also, do you want an automatic or a 
manual instrument? Fully automatic 
instruments have the advantage that 
as long as they function _properly they 
will give resuits which are not so de- 
pendent upon the operator. Because of 
this, it is often possible to use an un- 
skilled operator, but usually the instru- 
ment will require highly skilled men for 
servicing. Its initial cost will also be 
higher. 


* Special Products Division, Beckman Instra- 
ments, Inc., South Pasadena, Calif. 
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During the design of the instrument, 
the form it is taking and how it is 
satisfying the need requires constant 
evaluation. When the design is com- 
pleted and prototype instruments have 
been made, a final check must be made. 
In both of these cases the research and 
development laboratory can be of con- 
siderable assistance to the instrument 
manufacturer. Through continued close 
liaison with the research and develop- 
ment laboratory, the instrument design 
engineer will be able to obtain a better 
understanding of the direction the in- 
strument should take. Actual use of 
the prototype instrument by research 


and development laboratories is the 
ideal final evaluation. 
There is another important item 


which concerns us—the way in which 
the instrument is used. It is important 
that the operator understands fully its 
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capabilities and its limitations so thy 
he can use it most effectively. This % 
an important but difficult problem. Th 
solution may be a detailed study of th 
instruction manuals, but usually this § 
not completely satisfactory. By reguly 
visits to the user, the instrument mam 
facturer can do much to increase th 
user’s general understanding with 4 
resulting improvement in instrumel 
performance. This is not a one-side 
exchange of information however, 
cause the customer, in turn, often & 
velops new operating techniques or @ 
plications for the instrument whid 
open up new markets. 

In summary, I would say that m 
theme is “liaison”; for through & 
effective use we will be able to produg 
better instruments at a better prig 
and produce them more rapidly. Thi 
means that you will have better took 
to work with, that you can do a bett# 
job and thus advance your own from 
tiers. 
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Computer Techniques 


Abstract. As instrumentation advances, de- 
sign and application become increasingly com- 
tools for instrument 


This paper deals with 


plicated. Advanced 
analysis are required, 
the use of an analog computer in design and 
control problems of instrumentation. It does 
not aim to develop full technical knowledge 
about any one facet of application but treats 
These are repre- 


The reader is 


three possible applications, 
sentative of a few applications. 
left to apply these general techniques to his 
particular problems. Included is an explana- 
tion of techniques involved in dynamic analy- 
sis of an instrument in use with its associated 
equipment. This is expanded to show the 
simulation of process control systems and the 
use of an analog computer in the dynamic con- 
trol of a system. From dynamic character- 
istics of meter movements to complete sys- 


tems analysis, the analog computer may be 
used as an integral part in analysis, design, 


and application. 
By CHALMER RB. JONES* 


néE of the prime purposes of in- 
O strumentation is that of control. 
When this instrumentation is used to 
feed back a corrective signal (negative 
feedback) without the human operator, 
the first step of automatic control has 
been taken. From the transducer in 
the system to the application of a cor- 
recting force in the system itself, we 
find that the various components, such 
as valves, motors, controllers, 
transmitters, etc., each have their own 
response characteristics which act and 
interact on the feedback control. In 
nonlinearities 


relays 


many cases, there are 
such as backlash, hysteresis, dead time, 
and limits in the system which com- 
Plicate the control. All of these in- 
crease the complexity of the system 
until accurate mathematical solutions 
soon become impractical. Even close ap- 
proximations become hampered by the 
complicated and involved mathematics 
hecessary. It is this demand that brings 
the analog computer to simulate, an- 
alyze, and design 


tems. 


these dynamic sys- 


*Product Line Manager, Berkeley Division of 
Beckman Instruments, Inc., 2200 Wright Ave., 
Richmond, Calif. 
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Computer Operation 


Before discussing applications of the 
and problems which are 
solved, some understanding of com- 
puter techniques should be obtained. 
Needless to say, there are many tech- 


niques of computer simulation which 
are not included. The scope of this 


paper is to familiarize the reader with 
the types of problems solved and en- 
courage further investigation of its ap- 
plications. 


The general procedure for problem 


solution is as follows: 


In the analysis of a system, the equa- 
tions of motions or the response equa- 
tions must be determined. To obtain 
the mathematical expressions which de- 
scribe its performances after disturb- 
ance, we have a choice of several meth- 
ods. One may use analytical approxi- 
mations, such as Zeigler-Nichols meth- 
od, which is a means of going from ex- 
perimental to analytical expressions. A 
steady state, frequency response meth- 
od, or theoretical equations which repre- 
sent the system may be used. In the 
case of an undesigned system, the theo- 
In the 
ease of a system which is already in 


retical equation would be used. 


operation, the response characteristics 
of the units of this system would be 
used. After the equations have been 
obtained, the general computer proced- 
ure is as follows: 


1. Write the differential equations of 
the system to be studied. 


2. Solve for the highest order deriva- 
tive, in either single or simultane- 
ous equations. 

3. Lay out block diagram 
a. Derive lower order terms of the 

differential by integration. 
b. Add the lower order terms by 
means of a summing amplifier. 
c. Generate the coefficients of the 
derivatives which 


lower order 


are not already available. This 
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d. 


is done with multipliers, adders, 
function generators, etc. 


Complete the block diagram us- 
ing resistors, capacitors, etc. 


4. Plug the problem into the set-up 
panel. 


5. Vary the input quantities and note 
equation solutions by suitable re- 
cording means or observe desired 
results in the output and read co- 
efficient potentiometers. 


Galvanometer Simulation 


An example of the computer applica- 
tion to instrumentation problems is the 
design of a meter movement and ampli- 


fier for a pen recorder. 


The dynamic 


equations for the D’arsenval recorder 
may be written to a first approximation 
in terms of two differential equations.+ 


Gi 


(1) 
a? , 
‘'=100'O + 1745 K —— 
da't® 
(2) 
ae 
10° E’ (t) = 1.745 x 10° G : 
at 
ae I di 
ra s— 
+ Se at 


Where 


7’ is in volts, applied instantaneously 


at coil 


i’ is in milliamperes, instantaneous 


current at coil 


7 Assuming: 


(4) 


That the magnetic field is radial, and 


uniform in density; 
effects of flux leakage 


through the ends of the coil are negli- 


That the 


gible; 
That the suspension spring follows 
Hooke’s Law; 
That the coil frame is open-circuited, 
nd thus contributes no damping 
dan ne due to air (and other 


hanical) re tance is negligible. 
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G = HNIb (lines/cm? x turns x cm 
em), displacement constant 
8’ is in degrees, angular deflection 
U' is in dyne-centimeters per degree, 
torsion constant 
K is in gram cm®, coil moment of 
inertia 
t is in seconds 
L' is in henries, self-inductance of coil 
r’. is in ohms, coil resistance 
Due to the mathematics involved in the 
design of the meter movement, the L 
was assumed to be small and therefore 
neglected. The final relationships then 
resolved itself to 





(3) 
E=ri+@e 


(4) 
E—G@® 


a 





Equation (4) is approximate and the 
coefficients would not represent actual 
conditions. For this reason (1) and (2) 
will be used. To put equations (1) and 
(2) into the computer, we will let scale 
or voltage relationships be as follows: 


E2=a,7 


G6 = o,f 


G— = a 












LEO) 


where 
machine volts _ machine volts 
[ «.]- Unit 6 s[ =. }- Unit of i’ 
and 
_ machine volts 
[ «,| ~ Unit E’ 





The machine time [ | machine seconds 
C= «,t where | «x, | =——— 
Unit of t 


Rewriting the equations for the computer we have: 


(5) 
gfe 


—)- ( jt) 
x.) “* \145 a2) © 


(6) 


«,6 


dt? \1745a.? 


de 


ude < (2!) u(r.) 


(=:) 1 (178219 4X «C\ de, 
=A ‘ baat | av 


We wish to design this unit to meet 
design specifications of sensitivity and 
frequency response. This may be done 
by studying the response to a step or 
sinusoidal input. The constants G, K, 
U', r., and L may be varied in the com- 
puter to determine the ontimum results. 
There may be many combinations of 
these constants which would give a su- 
perior frequency response characteristic 
to the unit. The computer diagram then 
appears as in Fig. 1. We are interested 
in the combination which enables us to 
design and construct the unit at a mini- 
mum cost. There will be ranges for 
which it would be physically impossible 


ee, 
GT 





A, = L£748%3_ 7g’. ™ 
4, = FS 10"; A, a= 


oy 


Fig. 1. Computer Block Diagram for Galvanometer Simulation. 


VOLTS 


-¢ 
FLCOP OEP 
-COO 
= [x] VOLTS . ~~ oan YvoOLTs$ 
UN/TO 2 “So .. Gaerne a J= UNIT FE 





to construct a eoil and there may Z 
others where it is far too costly, 
knowing the ranges of convenient ge 


sign and cost for each constant, we may 
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apply the voltage E as a step or fre- 
quency input to determine the optimum 
G, K, U’, r., and L coefficients. 





The entire system from the voltage 
applied to the amplifier to the final re- 
cording may be simulated by the com- 
puter. The galvanometer amplifier 
transfer function may be varied so that 
the combination of the meter equations 
and those of the amplifiers may optimize 
the response. 

The results, for example, might indi- 
cate the desirability of increasing the 
net torque by redesign of the pole pieces 
rather than by providing a driving am- 
plifier of higher current output. 


Process Control Simulation 


An example of a process control simu- 
lation is that of temperature control of 
a Xylene tower. The problem involved 
is to determine the controller settings 
for optimum recovery of the tempera- 
ture at the bottom of a Xylene column 
following a step disturbance. Fig. 3 
represents the block diagram of this 
negative feedback system. It will be 
noticed that the denominator of the 
system contains a 28.8-second time lag. 
Although the computer may be run on a 
real time basis, it-is more convenient 
for this problem to be scaled up by a 
factor of 5, so that the computer will 
operate five times as fast as the field 
system and the operator will not wait 
as long for each solution. The purpose 
of this problem is to minimize the error 
which exists between the set point and 
system when the system is disturbed 
by a step function. Therefore, the com- 
puter will be made to record this error 
upon the input of a step load disturb- 
ance; then the proportional gain, reset 
rate, and rate-time potentiometers may 
be varied in a logical manner until the 
recovery time and the error is at a mini- 
mum. Inasmuch as the empirical equa- 
tions are correct for the individual func- 
tions of the units, the computer will act 
very nearly as the process, although it 
must be remembered that it will operate 
five times as fast in this particular solu- 
tion. The procedure involved gives the 
operator an intuitive understanding or 
feeling for the dynamic effects of pro- 
portional reset and rate reactions in 
this particular system. When the opti- 
mum condition has been maintained and 
the recovery time minimized, it is then 
hecessary to convert the proportional 
reset and rate gains in the computer to 
the real values of the system. 
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Fig. 3. Computer Block Diagram for Column Temperature Control. 


Results 


The numerical results for the studies 
of this system are: proportional gain 
equals 1.7 to 2; reset rate equals 6 to 8 
repeats per minute; rate time is equal 
to .11 to .14 minute. This is illustrated 
in Fig. 4. 


Response to lood disturbonce 


No Scale 





Fig. 4. Column Optimum Response. Propor- 
tional gain — 1.7 to 2.0; Reset rate — 6 to 8 
repeats/min.; Rate time — 0.11 to 0.14 min. 


This represents the optimum com- 
puter solution which is physically realiz- 
able under operating conditions. 


Computer Controlled Process 


Just recently, work has begun on a 
new type of control system which in- 
corporates a computer in the negative 
feedback of the control loop. By means 
of this computer, we can introduce the 
fastest possible return to operating con- 
ditions. In case of dead time in the 
system, the computer will correct for 


comparator CONTROLER 





this and store the energy in the time 
delay. In other words, if it should take 
a distillation tower minutes to show a 
rise in temperature on a certain plate 
after the heat was introduced, the com- 
puter could observe an error. correct for 
it, and reach equilibrium before the rise 
in temperature is even noted at the plate 
in the tower. Thus, the computer will 
store energy in the system during the 
dead time and return to its normal con- 
dition before the controlled system has 
reached its corrected conditions. 


Explanation 


Because of its operation, this com- 
puter might also be called a predictor. 
Any control system may be broken 
down into four basic components as 
shown in Fig. 5. These are the com- 
parator or error indicator, the con- 
troller, the switch valve relay or con- 
trolling point, and the system itself. 
The fastest possible restoring force to 
the system would be obtained by turn- 
ing the relay or valve either all the way 
open or all the way shut. Anything less 
than this will achieve a slower stabiliza- 
tion of the system. A special purpose 
computer could be used as a controller. 
The computer will have the dynamics of 
the control system built into it. Then, 
upon an error signal from the compara- 
tor, it will determine the correction nec- 
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Fig. 5. Block Diagram for all Types of Predictors. 











essary for the system. This computer 
will operate the control point full force 
in one direction, accelerating the sys- 
tem toward the correct point. The com- 
puter then decelerates or breaks in the 
full negative or valve close position to 
bring the system to the equilibrium 
point. The control valve has operated 
either at full on or full off to bring the 
system back to its correct operating 
conditions. Whether the error is caused 
by load change or by a set point change, 
the action of the computer is identical. 


Analysis of Motor Controller 


In the case of positioning a motor, we 
may use a relay to apply fuil positive 
or negative torque to the motor. Ina 
second order predictor, the operation 
output must catch or fully control the 
motor in two steps. First, acceleration 
or applying power, and second, breaking 
or deceleration and cutoff. Fig. 6 indi- 
eates the control of the second order 
motor system where there has been an 
increase in load. 


The relay applies full torque to the 
motor and accelerates it towards the 
new position. At a precise moment in 
time, the computer reverses to full nega- 
tive torque and decelerates the motor to 
the proper set point; the control is then 
cut off, leaving the motor to operate at 
the correct speed. In a third order 
motor system, the computer would func- 
tion as follows: The basic system may 
be represented by the transfer function 
of 1 over S(S+1) (KS+1) and the 
basic switching function of the com- 
puter is represented in the following 
equation: 
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trolled by Comparator. 





(15) 


He)=e+(K +i Jet ke + A'ln [ 2-0 an) 
e = is error = 
A= = Forcing + K Gin + (K + 1)6in + 6in or 
A is the forcing in effect up to switch reversal 
A’ = + Forcing + K Gin + (K + 1) 6in + Gin or 
A’ is the forcing after switch reversal 


It will now be noted that a modification 


of a basic switching equation must be 
made. The computer must apply the 
basic equation which has « property 
that a unique similarity exists between 
the polarity of S and the polarity of the 
forcing function. To transfer into this 


equation, it will show up as follows: 


t=o 

— |@| —tf. . tat’ 
He) = 73>( 1 )- (+s) -f Ae 

ott ead =-F 


t=o 
A‘ dt 


r 
where @=e + (Kt+l)e+khée sae 


It will be noted that dead time may 
be computed into the system. If lf = 
O (no dead time), the integrals drop 
out. The third order predictor must 
catch the input or reduce the error to 
First, is forcing 
toward or acceleration; the second is 
breaking or cutting off the flow; the 
third In the force-free 
position, we vacillate to correct for error 
of noise in computing the system. In 
other words, there will be acceleration 
and deceleration, but because e # 0 
when 6 = e = 0, there is energy stored 
in this term of the third order system. 


zero in three steps. 


is force-free. 
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Fig. 7. Third Order Motor Position Controlled 
by Computer. 


*An exception might be in a peculiar case, 
such as a guided missile where the Gyro time 
constants could be of the same order as the 
system time constants. 







There must be a point at which ¥ f 





system drifts into equilibrium Which 
is force-free (Fig. 7). 





This still represents the optimum con. 
trolling time of a system. We can om 
ceive of operating a third order SYsten 
as in the second order system, but itf 
not optimum for it oscillates aroyy 
zero error, or the acceleration term dog 
not equal zero and the energy is storg 
up in the third time constant. Thy 
special purpose computer will obtaip 
the optimum control with virtually* any 
negative feedback system regardless g 
It may be placed directly 
into the system and upon the intrody 
tion of the correct formula, will majp 


order or type. 


tain the system to close tolerances, 


Conclusion 

This paper has dealt with only thre 
out of many applications of the com 
puter in the instrumentation field. jf 
indicates the types of problems solve 
and the general method of solution. & 
the engineer’s knowledge and ability t 
the analog computer increase 
greater capitalization will be made @ 
the time, material, and labor-savings if 
herent in The | 
become anothe 
to serve engineers in their com 
tinued advance towards better design. 


use 


computer’ solutions. 
analog computer will 


tool 
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Abstract. Instrument engineers and tech- 
nicians encountering the resistance wire strain 
gage in strain measurement work for the first 
time will find this paper useful as an instruc- 
tion manual. {t consists of four parts. The 
first section is a history of the resistance wire 
strain gage by Mr. F. G, Tatnall, Manager of 
Testing Research for the Baldwin-Lima-Ham- 
flten Corporation of Philadelphia. The second 
part embodies the theory of this primary de- 
tector. This is followed by mechanical and 
electrical methods of calibrating the wire 
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strain gage. These two parts include numer- 
ous sample calculations. The fourth part is 
a rather extensive bibliography on _ strain 
measuring devices, applications, and theory. 
Is the Bonded Strain Gage a 
Transducer? 


a Stmmons at Cal Tech first put 

a bonded wire strain gage together 
because nothing else in existence would 
do for the kind of impact test he was 
setting up. When later asked how he 
came about using such unconventional 
means, Simmons’ reply was as simple as 
the strain gage, “It popped into my head 
walking across the campus.” 

The thought of sticking fine wire to 
a metal surface with a plastic cement 
was also discovered at about the same 
time by Professor A. C. Ruge working 
independently at M. I. T. on an elevated 
water tank model subjected to simu- 
lated earthquakes. Ruge could find no 
Strain gage small enough or good 
enough dynamically to serve his pur- 
pose so that when, with this same kind 
of uninhibited thinking, the idea hit 
him, he went about making a gage by 
improvising with odds and ends in the 
laboratory. 

For hundreds of years strains were 
Measured with all kinds of optical, 
Mechanical, and electrical devices of 
substantial size, shape and unbalance. 
They were attached in awkward ways 
varying from rubber bands to electro- 
Magnets or else held against the struc- 

. ture by hand. Clinging precariously to 
structures, if impacts and vibrations 
Were large, the gages fell to the floor. 
They responded only to such live strains 


“Research Engineer with the American 
sted Company, Inc., 920 Payne Avenue, Erie, 


“Manager of Testing Research, Baldwin- 
Lima-Hamilton Corp . 
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AN INTRODUCTION TO THE 
RESISTANCE WIRE STRAIN GAGE 


By H. F. Rondeau*™ 
Introduction by F. G. Tatnall** 


as their mechanisms and masses would 
follow. But after all this time and trial, 
two people came up separately and 
almost simultaneously with the same 
brilliant solution to the age old prob- 
lem. 

If anyone had thought of bonding a 
hairlike wire to a structure in a shape- 
less, massless smear that could hardly 
be seen with the naked eye, he prob- 
ably then suffered a second thought that 
cautioned, “Go easy. Anything as sim- 
ple, so makeshift as this can’t possibly 
be any good. This is a reflection on my 
‘scientific method’.” This should spark 
a retreat back to instrumentation that 
looked like instrumentation, that could 
be handled and retrieved for re-use. 
However, certain unscientific people, 
who didn’t know that simple improvisa- 
tions wouldn’t work, figured that they 
had nothing to lose, not even a scientific 
reputation; so they took a long shot 
at a direct attack. When it worked, 
Simmons assumed it had no commercial 
importance and went on with something 
else. Only A. V. deForest immediately 
foresaw its value. In fact, the method 
was so unimpressive that, when the test 
was reported by others at an impact 
symposium, it failed to arouse comment; 
and there is some doubt that it was 
even noted in the heat of the discussion 
of the tension impact stress-strain 
curves which were the subject of the 
report. Here was a revolutionary in- 
vention which went unnoticed. 

Let us trace the next few years in the 
life of this strain gage Cinderella. It 
looked much too crude to be taken 
seriously as a precision instrument. 
(The writer of this article was one 
who felt that way when he first saw it, 
but how he changed his mind when he 
tried it!) 

The wire strain gage was first shown 
at an A. S. T. M. exhibit bonded to a 
bending beam, wired into a Wheatstone 
bridge circuit deflecting a galvanometer. 
On the opposite face of the beam pro- 
jected a good old reliable Huggenberger 
Tensometer which confirmed to skeptics 
that the peculiar adhesion to the other 
side of the beam was indicating strain, 
and correctly, believe it or not. The 
reaction among engineers, who normal- 
ly suppress their thoughts and feelings, 
was surprising and instantaneous. 


From its inception 15 years ago to 
this day the strain gage has treated the 
public to one surprise after another, 
each time, in its humble way, exhibit- 
ing more and more merit as a trans- 
ducer and performing almost anything 
for anybody, even working for those 
who were strangers to electricity. Na- 
ture itself seemed to back up the strain 
gage in everything it tried, and all it 
asked was a little horse sense from its 
user. 

It advanced slowly from something 
considered unreliable and crude to a 
transducer of such accuracy that its 
use on calibrating apparatus was ac- 
cepted without fuss. The tiny wires 
that could scarcely be seen without 
looking twice, laid down apparently 
without law, order, or specific tension, 
revealed a sensitivity so totally unex- 
pected that the word micro-inch became 
commonplace in engineering conversa- 
tion. 

Its reliability proved unsurpassed 
when the technique of applying was 
correct. And what was technique? 
“Just ‘know-how’, learn by doing,” said 
the late Chester Gibbons. 

As to speed of response, when de- 
Forest measured frequency response up 
to 50,000 cps., no one from there on was 
willing to set an upper limit to this 
postage stamp gage. 

But surely there was some weakness. 
For instance, water was said to be its 
downfall. Then the University of Cali- 
fornia reported it had used gages under 
salt water for two years. People then 
began to stop saying that the gage 
couldn’t do this and couldn’t do that 
and began devoting their boundless en- 
ergies to making it perform for them 
in an exciting parade of events. Bach 
report surpassed the last. No one gets 
excited anymore as reports of excep- 
tional measurements, all with restrained 
comment, appear weekly in the techni- 
cal press. 

Is this wire gage, then, a transducer? 
Does it rate that aristocratic title? The 
facts and figures by others, to which 
this is to serve as an introduction, tell, 
in mathematics, of its fundamentals and 
its calibration. They dignify this little 


gage, powerful in its simplicity, and 
establishes a scientific foundation for 
its usage. The only thing to fear is 
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that we will, in using this gage, get so 
interested in “How we do it,” that 
we will lose sight of “Why we do it.” 


FUNDAMENTALS OF A 
WIRE STRAIN GAGE 


Physical Description of a 
Wire Strain Gage 


Physically, a wire strain gage consists 
of a length of high resistance wire of 
small diameter (about 1 mil) which is 
cemented between two thin pieces of 
protective paper. Since it is desired to 
keep the gage area small, so as to meas- 
ure approximate point strains, the wire 
is formed into a mesh as shown in Fig. 
1. A piece of felt is cemented on the 
upper side of several types of gages to 
further protect them from rough usage. 


Bare Grid & Terminal Leads 

















Sensitive Element Enclosed in Protective 
Paper 





Actual Felt Protected Wire Strain Gage 


Fig. 1 


The actual grid sizes of single ele- 
ment commercial gages vary from about 
vs of an inch square to over ,;% inch x 
1 inch. Their electrical resistance 
varies from about 40 to 2000 ohms, de- 
pending upon the type, with the 120- 
and 750-ohm gages being the two 
most popular. Some gage types, often 
alluded to as rosettes, consist of several 
grids superimposed or in close prox- 
imity for the purpose of measuring sev- 
eral point strain components as a means 
of ascertaining the principal strain di- 
rection. 

Although paper-backed gages are nor- 
mally used at room temperature and 
should not be subjected to temperatures 
above 190 F., there are several types of 
gages that will wiihstand higher tem- 
peratures. Intermediate temperatures 
not exceeding about 400 F. can be ac- 
commodated by bakelite backed gages, 
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while high temperature} gages are now 
being developed for applications where 
the temperature might reach 1500 F. or 
slightly above. 

Today there are more than 150 types 
of commercial gages available in the 
United States, and in Europe there are 
numerous types of Philips and Gustaf- 
son gages, as well as others. 


Derivation of Practical Gage Formulae 


Now that we have a physical picture 
of a wire strain gage, let us see how it 
works. Considering a single wire, we 
see that a rigorous analysis is quite 
complex; since the wire is surrounded 
by cement, paper on each side, and 
another layer of cement bonding one 
of the:layers of paper to a surface (See 
Fig. 2). Adding to the complexity is 
the fact that the gage wire is subjected 
to strain on only one side. Actually, 
very little error is made in assuming 
the wire to undergo axial strain, and 
much is learned by neglecting hysteresis 
and assuming the wire to follow the sur- 
face on which it is bonded. 








Enlarged Cross Section of Gage 


Fig. 2 
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Element Deformation Under Tension 








Fig. 3 


Let us assume that a known length 
(L) of gage wire having a diameter 
(D) is strained in tension so that its 
length increases by an amount (4L) 
(See Fig. 3). As this happens, its 
diameter decreases an amount (4D). 
All of this sounds interesting, but it 
would not be very practical to measure 
surface strain by attempting to measure 
the physical changes of the gage wire. 
Fortunately, something else happens to 
the wire as its physical dimensions 
vary. ts electrical resistance changes. 
It is this property that makes it pos- 
sible for us to easily and accurately 
measure the physical changes of the 
gage wire. 

You will recall that the resistance 
{(R) of a wire is 


OT Sees 
RaAE = i = A : 
(1) 


+ One of the first high temperature gages 
was developed by D. J. DeMichele of the Gen- 
eral Electric Company, and is described in the 
October, 1950, issue of “Product Engineering,” 
pages 115-117. The article is entitled “Wire 
Strain Gages for Elevated Temperature Serv- 
ice.” 


where p is the conductor resistivity, 4 
is the cross-sectional area of the 

and V is the volume of a wire of length 
L and diameter D. If we differentiate 
Equation 1, assuming p to be constant, 
and let the differentials increase to the 





size of an increment, we have the ap. 


proximate relationship: | 


n= 40k (Ai 262) = a(e,-26) 


This relationship tells us much onal 
the design and operation of a win. 
strain gage. For instance: (a) we see 
that its change in resistance (4R) jg 
directly proportional to its initia] Te 
sistance; hence, for large resistance 
changes we should use a high resistance 
gage wire; (b) for a large AR we 
should use as small a diameter wire as 
is physically practical: (c) also, its 
length should be as large as possible; 
and (d) since 4L/L denotes longitudingl 
strain (¢,) we see that the change ip 
gage resistance is directly proportional 
to the wire strain—hence the name 
strain gage and not stress gage. (There 
are stress or dyadic gages manufactured 
that incorporate the yu factor, but these 
are not in common use.) 

Equation 2 can be reduced to a mom 
useful form by recalling that Poisson's 
ratio (u) is 


a 
a avc/ 


\o 





r 
r) 


- 

(3) 
and that the surface strain component 
(e) in direction of the gage wire is the 
same aS e«,. Equation 2 now become 


OR = Re (1+2u) 
(4) 
Experimentally, it is known that the 
ratio of change in resistance to the 
original resistance is proportional t 
the wire strain, or 
aR AL 
ae ee ee 
(5) 
Replacing the proportionality sign 
with a constant of proportionality 
we have 


Orere of [or= rer] 
R he 
(6) 


The constant ' is commonly referred 
to as the gage factor. If we compare 
Equations 4 and 6, keeping in mind 
that » was assumed to be constant, We 
see that 


(7) 

The value of [ for most commercial 
gages ranges from 1.7 to 3.5, with 20 
being the most common. As for a feW 
specific examples, the I of constantal 
is 2.0; for nickel it is — 12; and for) 





manganin it is 0.5. ; 
It is often useful to determine the» 
change in gage resistance as a function © 


of change in surface stress ,, along the 
axis of the gage. We can obtain this) 
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relationship from Equation 6 by recall- 








ing the stress — strain relation given 
Wo = ¢eE; i.e.: 
Sy x 
AR= = 











(8) 
To improve our feel for this equation, 
let us find the change in gage resistance 
that accompanies a change of surface 
stress of 15,000 psi when the strained 
material is steel, the gage resistance is 
120 ohms, with a gage factor of 2.03, 
and the assumed modulus of elasticity is 
29,000,000 psi. 


AR = 2.03 x 120 x 15,000 


29,000,000 
= 0.126 ohm 


Most. commercial strain indicators are 
sufficiently sensitive to enable the user 
to observe strains as low as five to 
three micro-inches/inch. Under the 
conditions of the above example, this 
represents a change in gage resistance 
of about 0.0007 ohm. By amplifying 
the output of these same indicators and 
using a light beam galvanometer, it is 
possible to observe strains as low as 0.01 
micro-inches/inch. (The reader should 
be cautioned that such sensitivity is 
often valueless because of the probable 
errors inherent in most strain measur- 
ing devices and techniques.) 

Incidentally, it is very handy to speak 
of strain in units of micro-inches/inch 
rather than in inches/inch, especially 
when using the stress — strain equa- 
tion. For example, if we wish to find 
the change in stress equivalent to a 
strain of 0.000150 inches/inch when 
E = 30,000,000 psi, we perform the 
following arithmetic: 

¢ = cE = 0.000150 x 30,000,000 = 

4500 psi. 

However, since a strain of 0.000150 
inch/inch equals a strain of 150 micro- 
inches/inch we can simply arrive at the 
above result by lopping off the last six 
places of the modulus value and mul- 
tiplying it by the strain in micro-inches 
finch; i.e.: 





@ =150 x 30 = 4500 psi 


The large area gages will accurately 
measure surface strains up to about +- 
10,000 micro-inches/inch, while small 
area gages are limited to strains of 
about + 4,000 micro-inches/inch. On 
Some occasions it is necessary to study 
the behavior of structures which under- 
80 strains in excess of the elastic limit 
of the material. To fulfill this need 
there are gages available called post 
yield gages which will indicate strains 
up to 100,000 micro-inches/inch. Ordi- 
Mary gages subjected to strains in the 
order of 10 per cent will snap away from 
the surface. This is useful to note since 
one might be prone to erroneously at- 
tribute such an effect to improper bond- 
ing of the gage. 

Regarding strain measurement ac- 
curacy, we might say that commercial 
Sages, indicators, and careful instru- 
Mentation techniques will not yield 
etrors in excess of + 5 per cent. Addi- 


tional care in temperature compensa- 
tion, indicator reading, moisture-proof- 
ing, etc. might reduce the error to + 
3 per cent. Some consulting engineer- 
ing organizations, however, will not 
guarantee field tests involving wire 
strain gage measurements to have less 
than + 10 per cent error. 


A More Critical Look at the 
Gage Factor I 


We previously found IT to have the 
value 1 + 2u (See Equation 7). This 
is true if we assume that the resistivity 
of the gage wire remains constant over 
the useful strain range of the wire. Ac- 
tually, p is not constant for most gage 
wire except for constantan or advance 
wire. Let us see how p enters into Tr 
if it is permitted to vary. Differentiat- 
ing Equation 1, 


dR = (Ap ai+ AL dp -pl 2a) Za 
(9) 


or 
an, dt yap _ A 
- c P A 
(10) 
Assuming the wire distortion to be 
isovolumic, it can be shown that 


ae 
i hadley x 


(11) 

Substituting this and the value for py 

in Equation 3 into Equation 10 and 

dividing both sides of the equation by 
aL/L, we obtain 


AR/R _ do 
Tt * 198 * FF 


(12) 
The left-hand side of this equation is 
recognized as the gage factor; i.e.: 
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(13) 
If we analyze the terms in Equation 
13 noting the manner in which they 
were derived, it will be apparent that 
1 is attributable to a change in wire 
length, 2, to a change in wire cross sec- 
tional area, while the last term allows 
for variations in resistivity with strain. 
This last term is receiving more and 
more attention by solid state physicists. 
It has been recently predicted that 
strain gage wire will be available in the 
near future where (dp/p) / (adL/L) will 
have a value in the order of 300. This 
in itself would make it possible in many 
applications to eliminate amplifiers, 
thereby simplifying and decreasing the 
cost of strain measurements. 
It is interesting to recall that the 
value of » for many metals used in 
strain gages is from 0.3 to 0.35 in the 


*“An Investigation of the Change of Re- 
istance in Wires Produced by Tension” by E. 
Czerlinsky—Report of the German Research 
Institute for Aeronautics, Berlin-Adlershof, 
and translated by Dr. F. A. Raven, David Tay- 
lor Model Basin, Navy Department, Washing- 
ton, D. C. (Translation 183, October, 1943). 


elastic range, 
range. 

One reason that constantan wire, an 
alloy of copper and nickel, is so popular 
as a strain gage element is that its gage 
factor is about 2.0. This means that 
the « of the material is about 0.5 and 
is therefore nearly the same in the 
elastic as in the plastic deformation 
range. *Comparison tests between con- 
stantan and 29 other gage element ma- 
terials showed constantan to be a super- 
ior material. Other common gage wire 
materials having special uses are plati- 
num, manganin, nichrome, and _ iso- 
elastic wire. The latter is an alloy of 
iron and nickel having high sensitivity 
because of a large fr equal to about 3.5. 


and 0.5 in the plastic 


The European Slant on I 


A recent text of European origin on 
“Strain Gauges—Theory and Applica- 
tion” by Koch, Boiten, Biermasz, Rosz- 
bach, and Van Santen derives the gage 
factor, or K-value as they call it, in 
slightly different terms. They choose to 
introduce a C factor which is defined by 


ce Saka 
AaV/v 
(14) 

This ratio of percentage change in re- 
sistivity with percentage change in vol- 
ume of grid wire has been investigated 
by Dr. P. Bridgman for gage element 
metals under pressure from all sides 
and found to have a value of about 1.0 
for applicable materials. 

As for their derivation of fr, recall 
that the wire volume (V) is equal to 
wD*L/4; therefore by differentiation it 
is evident that, 


dt av av 
~~ ee oe 
(15) 
Equations 10, 11, 14, and 15 can be 
combined to yield 


[r= 2+ (e-1)( 1-240) | 
(16) 

This is ultimately the same result as 
previously found in the form of Equa- 
tion 13 and is fully as rigorous. 

It is this writer’s opinion, however, 
that the quantity (dp/p) / (dL/L) found 
in Equation 13 is more practiceably ap- 
plicable to strain gage theory than the 
quantity (dp/p) / (dV/V) found in 
Equation 16, simply because dL/L is 
usually more easily and accurately ob- 
tainable than dV/V. 

It is interesting to note that 











(fp /p ) (fp/ ) 
nS ll 1-2) SPAS 
(Av. /L) ( . (AV/v) 
(17) 
or if we assume x to be 0.3: 
YP 2.046 
AL/L 
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WIRE STRAIN GAGE 
CALIBRATION METHODS 


Introduction 

Fundamentally, a _ resistance wire 
strain gage is a primary detector which 
exhibits a small change in resistance in 
proportion to the change in strain of 
the surface upon which it is mounted. 
The performance of this seemingly 
simple measuring device is dependent 
upon a multitude of factors, a few of 
which are the resistivity of the gage 
wire, its resistance, Poisson’s ratio, its 
construction, the manner in which it is 
applied to the test part surface and the 
physical properties of the test part. 
Because it is difficult, on the job, to 
determine an accurate measure of these 
factors and properly relate them, we 
must establish calibration methods that 
will directly relate change in gage re- 
sistance to change in surface strain. 
In another sense, calibration is a 
process of directly relating proportional 
primary quantities by finding a system 
constant that washes out a multitude of 
intermediate complevities. 

Today our calibration problem is 
greatly simplified because commercial 
gages are supplied in lots, each gage of 
which is selected to have similar proper- 
ties within close tolerance and with a 
known sensitivity factor or gage factor. 
This gage factor is essentially a calibra- 
tion factor, since it relates change in 
gage resistance in ohms to change in 
surface strain in micro-inches per inch. 

Another thing that simplifies our 
calibration problem, or in some cases 
even eliminates it, is the existence of 
commercial strain measuring devices 
for static or dynamic work in which 
the calibration means is built. 

It may seem, then, that we have no 
problems calibration wise; but generally 
this is not so. Very often our equip- 
ment is meager in extent, particularly 
when dynamic strain measurements are 
to be made and when calibration means 
are not incorporated in our equipment. 
For this reason it seems advisable to 
elucidate on the fundamentals of gage 
calibration. 

There are two general calibration 
procedures, one is mechanical and the 
other is electrical in nature. 


Mechanical Calibration Method 


When using this method, the mem- 
ber or part embodying strain gages is 
subjected to known static or dynamic 
loads or deflections and the correspond- 
ing gage circuit electrical outputs are 
observed. Thus, a force or deflection 
versus electrical output calibration 
curve can be established. 

This method is often useful when the 
structure is complex and we desire an 
electrical signal proportional to struc- 
ture load or deflection. In this case 
strain, as such, may be of little or no 
interest; and the strain gage is merely 
a secondary means of relating force or 
deflection to an electrical signal. 

On the other hand, we may desire to 
calibrate our electrical strain measuring 
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system by mechanically 
known strains. 
a strain gage on a cantilever beam as 
shown in Fig. 4. 


introducing 
One method is to place 









Pos L 


STRAIN Gace 









Fig. 4 





Constant Bending Movement Beam 
Fig. 5 


It is known from the study of 
Strength of Materials that the strain 
(e) experienced by the gage when the 
beam is subjected to a load P is 


ea ths 
2E1 





(1) 


When £ is the modulus of rigidity 
of the beam material and /7 is the 
moment of inertia of the beam cross- 
section. 

If it is more convenient to measure 
the beam deflection (§) than the load 
causing the deflection, the strain rela- 
tionship is 





Sie sia 
ai" 
(2) 
In using this calibration method 


there are several important things to 
remember. Do not permit P or § to 
increase to the point where the beam 
takes a permanent set, or in short the 
surface stress should not exceed the 
yield strength of the material. The 
value of ¢ for the cantilever beam is 
given by 
_ PLad z 
“—_* 23s 
(3) 


Another point to remember is that the 
beam should be securely mounted at A 
and the beam slot in the supporting wall 
should be sharp edged and not radiused. 
Also, the load P should be applied to 
the beam at B by an antifriction mem- 
ber such as a ball bearing so that there 
will be a minimum drag force along the 
beam as it deflects. Lastly, precautions 
should be taken so that the beam does 
not twist as it is loaded. 

Fig. 5 shows a constant bending 
moment beam that, because of its sim- 
plicity, is also popular for producing 
known strains. The region along the 
beam between the supports D and F has 
a constant bending moment equal to PL 
and hence a constant strain (¢). Hence, 
several gages can be placed in this 
region and simultaneously subjected to 
the same strain given by 


PLa 


sagt 2er 





(4) 

In this case one should be carefy 
that both loads applied to the beam 
equal in value and symmetri 
spaced. Also the point of application ¢ 
P should be antifriction in nature, 

A third seemingly simple way to pr 
duce a known strain is shown in Fig. ¢ 
This, however, is far from true, Ag 
tually, this method should not be usgej 
because it is difficult to apply the loads 
P, either in tension or compression, 9% 
that they lie on the neutral center ling 
of the member. One method, when P 
is in tension, would be to use a precision 
ball bearing universal joint at each enj 
of the member; but this is unnecessarily 
expensive. In short, this is mentionej 
merely as a warning of a pitfall whic 
on the surface is tempting by virtue of 
its apparent simplicity. 


Electrical Calibration Method 


As an introduction to this method we 
might ask ourselves, “What happens ts 
the resistance of a wire strain gage 
when the surface upon which it § 
mounted is strained?” The answer 
simple. Its resistance changes in pre 
portion to the surface strain. This im 
mediately suggests a method of calibre 
tion which is fundamentally applicable 
to this type of primary detector. I 
consists of electrically introducing 
known resistance changes into the gage 
circuit which are equal to the resistance 
changes experienced when it is sub 
jected to known strains. 

The electrical calibration method com 
sists of shunting a known calibration re 
sistance (R,) around the active (or 
temperature compensating gage). This 
decreases the active gage resistance 
(R) and simulates the effect of a com 
pressive strain. 
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Active Gage with Calibration Resistor 
(a) 


A 


Equivalent Circuit 
(b) 


Fig. 7 


Fig. 7 (a) shows an active strain 
gage between points A and B with a cali- 
bration resistor shunting it. When the 
switch (S) is closed, this circuit can 
be simulated by a resistor R, between 
points A & B. This resistance is called 
the equivalent resistance and is given 
by 

R« RK 
Re i R+ R 
(5) 

The change in resistance (AR), seen 

d the circuit when the switch is closed, 


r® 
4R= - ougmemame 
R R Re = (R+R,) 
(6) 
Since we already know that the 
change in resistance of a wire strain 
gage subjected to a known strain (e) 
is given by 


OR= Ref 
(7) 
We can easily solve for the value of R, 
by eliminating 4R from Equations (6) 
and (7). Hence the value of the calibra- 
tion resistance is found to be 


[tes (pe =!) = 8 (Fe -') | 
(8) 


To acquaint ourselves with the sig- 
nificance of this equation, let us find 
the value of calibration resistance that 
when shunted around a 120 ohm gage 
will simulate a surface stress of 15,000 
psi. Assume the gage factor (T) to be 
2.00 and the strained material to be 
steel with a modulus of elasticity (BE) 
of 30,000,000 psi. Substituting these 
— in Equation (8) we find R, 








30,000,000 
me 39,000,000 
120 x (= 15,000 | ) 
= 119,880 ohms. 


If we shunt this 119,880 ohm resist- 
ance around a 120 ohm gage, as shown 
in Figure 7(a), and close switch “S” the 
equivalent resistance (R.) of this com- 
bination is from Equation (5). 


120 x 119,880 


"120 + 119,880 = 119.88 ohms. 
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Fig. 8 Calibration Circuit For the Wheatstone Bridge 
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a. 
Fig. 9 Calibration Unit for R = 


In other words, by closing switch “S” 
the circuit resistance between points A 
and B in Fig. 7a changed from 120 to 
119.88 ohms or 


4R = 120 — 119.88 = 0.12 ohm 


To complete this example let us recall 
that the change in gage resistance of a 
gage subjected to known stress is equal 
to Rel or Rof/E. Hence, using this re- 
lationship, we find the gage in this ex- 
ample, when subjected to a 15,000 psi. 
stress, will exhibit a change in resist- 
ance of 


Le 120 x 1500 x 2 

~ 30,000,000 — 

This result is the same as found by 
shunting a 119,880 ohm calibrating re- 


sistance around the gage, hence our cal- 
ibration resistance is correct. 


= 0.12 ohm 


Calibrator Circuits 


First let us look at one of the most 
common Wheatstone Bridge circuits 
used in strain gage work. See Figure 
8(a) 

The oscillator output is generally ad- 
justed for about six to eight volts at 
1000 to 5000 eps., and this is applied to 
the bridge circuit. The active strain 
gage (R) comprises one leg of the 
bridge between points A and B, and a 
temperature compensating gage (R,) 
serves as another leg of the bridge be- 
tween points A and C. If R, or R, is ad- 
justed so that R/R, = R,/Rz,, the bridge 
circuit is said to be in balance because 
the bridge output across AD will be 
zero. If the output galvanometer is a 
zero center scale instrument the pointer 
will be on zero or in a vertical direc- 
tion as shown in Fig. 8(a). 





1209, rT = 2.00, E = 30x10° PSI. 


If we add a calibration resistance 
(R.) to the circuit and close switch §, 
as in Fig. 8(b), the effective resistance 
across AB will decrease denoting a 
simulated compressive strain; and the 
bridge output detector will indicate a 
circuit unbalance. Let us assume this 
is indicated by a down scale deflection. 
If, on the other hand, we close switch 
S. as in Fig. 8(c) and shunt the calibra- 
tion resistance around the temperature 
compensating gage, the output detector 
will indicate an upscale deflection. 
This action simulates a tension strain in 
the active gage R. 

Very often we desire to calibrate our 
gages for several values of surface 
stress or strain. By so doing we can 
determine the output characteristic of 
our measuring system over the strain 
range we are working. (Quite often 
this is not a straight line or linear 
characteristic). 

Fig. 9(a) shows a multiple point 
calibrator for use with 120 ohm gages 
on steel. 

A similar calibrator using the resis- 
tors in a more efficient manner is shown 
in Fig. 9(b). 

If it is desired to use calibration re- 
sistances of lower value, consideration 
might be given to the circuit shown in 
Fig. 10. In using this method, a low 
resistance precision resistor (r) is 
placed in series with the active gage 
(R) and a similar or matched resistor 
(r) is connected in series with R,. The 
calibration resistances are then shunted 
across resistance (r) in the R or R, 
arm on the bridge circuit. 

If the calibration scheme shown in 
Fig. 10 is used, it is possible in most 
instances to use wire wound resistors 
of appreciable wattage rating so that 
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heating losses do not introduce calibra- 
tion errors. If we let 


7vT 
= 8 
R K 


(9) 
py definition, then the calibration re- 
sistance (R.) is found from 


R= (qe -1) = +(45 -:) 
(10) 


By comparing equations (8) and (10) 
it is seen that the magnitude of calibra- 
tion resistance used in the scheme 
shown in Fig. 9(a) is about K? times 
larger than comparable resistances 
shown in Fig. 10. 























Fig. 10 


Examples of Practical Calibration 
Problems 


Calibration units are designed to suit 
the type of gages normally used and the 
test material most often encountered, 
such as steel, cast iron, brass, aluminum, 
etc. Let us consider typical examples. 
Example 1: 

A particular gage user is normally 
called upon to measure strains in steel 
members and finds that SR-4 Type A-7 
wire strain gages fill most of his re- 
quirements. Consequently he builds a 
calibration unit to simulate stresses of 
5,000, 10,000, etc. up to 50,000 psi. steps. 
He furthermore assumes R = 120 ohms, 
r = 1.90 and E = 30,000,000 psi. 

The first job on which he intends to 
use his new calibrator, he finds, has to 
do with measuring strains in a steel 
member, the modulus of which is 
29,000,000 psi. rather than the 30,000,000 
psi. for which the calibrator was de- 
signed. He also notes that the gages he 
has on hand have a resistance of 119.6 
ohms and a gage factor of 1.93. If he 
attempts to simulate, for example, ary 
15,000 psi. stress or 500 microinches/ 
inch strain by switching the calibrator 
to this pcsition, his alertness warns him 
that the stress value on the calibrator 
is not correct. Consequently, he must 
calculate a correction to this value to 
account for the differences between 
above actual values of R, rT and E and 
those assumed values designed into the 
calibrator. These discrepancies can be 
accounted for as follows: We will let 

a = stress variation fraction 


= Age/e (11) 
b = modulus variation fraction 
= AB/E (12) 


c = gage resistance variation fraction 





= AR/R (13) 


d = gage factor variation fraction 


=ar/r (14) 
where Ao, AE, AR and Af are in- 


cremental deviations of the parameters 
from the values designed into the cali- 
brator. It can be shown from Equation 
(8) by approximation that 
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(15) 
Continuing with our example let us 
see how this equation works. The 
value of E built into the calibrator 
was 30 x 10° psi. but the modulus of the 
test structure material is 29,000,000 psi. 
Hence AE = — 1,000,000 psi. and 
b = — 1,000,000/30,000,000 — — .0333. 
The calibrator was built for 120 ohm 
gages but the resistance of the gage be- 
ing used is 119.6. Therefore AR = — 
.04 ohms and c = — .4/120 = — .0033. 
Similarly d = + .03/19 = + .0158. 
Substituting into Equation (15) 





a = (1220335)(1- 0033) | 2 _oosis 
(i+ 0158) === 


but from equation (11) 
Ao=aeo=—.0515 x 15,000 = —772.5 psi. 

This means that even though the 
calibrator switch is set at 15,000 psi., 
the actual stress being simulated is 
15,000-772.5 or 14,227.5 psi. or the value 
of “a” means that the stress value or 
values, set on the calibrator should be 
described by 5.15 per cent. 

Leis check this result another way. 
From Equation (8) 


poems 
¢ PCR. +R) 
(16) 


From Table I the value of R, to sim- 
ulate a 15,000 psi. stress when using a 
120 ohm gage with rT = 1.90 and E = 
30 x 10° psi. is 126,192 ohms. Substi- 
tuting this value of R, and the working 
values of R, r and Z into Equation (15) 
we will find the actual values of stress 
that the calibrator simulates when set 
at the 15,000 psi. position; i.e., 


29,000,000 x 119.6 ° 
- 1.93 x (leo,192 * 119.0) ™ 14 227.5 psi. 





Example 2: 

A calibrator is designed for SR-4 Type 
A-19 gages of 60 ohm resistance, a gage 
factor of 1.70 and to be used in stress 
measurements on aluminum structures 
where £Z is assumed to be 10,000,000 psi. 
It is desired to ascertain the correction 
percentage which should be applied to 
the simulated stress values marked on 
the calibrator when Z = 10,300,000 psi., 
R = 60.5 ohms, and fr = 1.67. From 
Equation (15) 


(F255 +1)( > +!) z 
(Sr +), J 


1.03 x 1.0083 \ = aoe 
s 7 40,0572 = 3° 
* 7e2% ” a 


ac 











This result indicates that all 
lated stress values shown on the caliby 
tor sw ss positions should be “a 
by 5.72 per cent. 

Exam gle 3: 

Sometimes it is necessary to use, 
gage calibrator for stress simulation 
a structure having a modulus of som 
value other than that for which th 
calibrator was designed. In such a cag 
it is possible to use the existing cali, 
tor providing we alter the calibratgy 
stress values. If the calibrator was d& 
signed for material of modulus £, 4 
gage resistance of R, and a gage facto 
of r,, and it is to be used with the same 
gages, on material of modulus E, the 
stress values og, marked on the calibra 
tor should be given new values of g, 
The relation between g, and g, is 














(17) 
Let us suppose that our stress calibra 
tor unit is designed for SR Type A# 
gages with R = 120 ohms andr = 2 
and the gages are to be used on sted 
where E = 30 x 10° psi. The occasion 
arises where it is necessary to use this 
same calibration unit with Type Aj 
gages mounted on brass having a mode 
lus of elasticity of 14,000,000 psi. We 
desire to know how the stress value 
marked on the calibrator should be at 
justed to make the calibrator valid for 
this test. From Equation (17) we se 
that 


= 6 Joxw" 2 2.143 
14 «10° 


This means that if we set the calibre 
tor switch to some value such as 10,00 
psi. it actually simulates a stress of 
2.143 x 10,000 or 21,430 psi. 

NOTE: 

Tables I, II and III have been pre 
pared to aid in designing a stress cali 
brator of the common type shown i 
Fig. 9 (a). 
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Stress (o’)| Strain (e)| 60nGage 120 nGage 750NGare 
in psi. inA"/" T=1.70 F=ei.90 | F=2.00 Pe2.0) 
190 3:3 10,588,176. 18, 987,284. 17,999,880. {112,495 ,250. 
200 -7 5,294,058. 2. 73,568.| 8,999,880. | 56,246,250. 
00 10.0 3,529,350.| 6,315,672. R 99,880. 1 37,495,250. 
00 13.3 2,646,999.| 4,736,724.| 4,499,880. | 28,124,250. 
500 16.7 || 2,117,586.| 3,789,348.) 3,599,880. | 22,499,250. 
600 20.0 1,764 ,636.| 3,157,776.| 2,999,880. | 18,74¢ , 2590. 
700 23-3 1,426 ,830.] 2,706,648.) 2,571,312. | 16,076,700. 
800 mS 1,323,468.| 2,368,296.| 2,249,880. | 14,061,750. 
900 30.0 1,176,408.| 2,105,148.| 1,999,880,] 12,499,250. 
1,000 33.3 1,058,764.] 1,894,620.] 1,799,880.] 11,249,250. 
2,000 66.7 529,352. 947,244, 899,880.| 5,624,250. 
3,000 100, 352,881. 631,464. 599,880.| 3,749,250. 
4,000 133. 264 646. 473,568. 449,880.| 2,812,750. 
5,000 167. 211,704. 378,828. 359,828.| 2,2&9,250. 
6,000 200. 176 ,410. 315,672. 299,880.] 1,874,250. 
7,000 233. 142,629. 270,552. 257,023.] 1,606,394. 
8,000 267. 132,293. 236,724. 224,880.} 1,405,500. 
9,000 300. 117,587. 210,408. 199,880.| 1,249,250. 
10,000 333. 105 ,822. 189,360. 179,880.{ 1,124,250. 
11,090 367. , 197. 172,128. 3,516.] 1,021,975. 
12,000 400. 88,176 157,776. 149,880. 336 »130- 
13,000 433. 81,388. 145,632. 138,342. 4 638. 
14,000 7. 75,570. 135,216. 128,451. 802 ,819. 
15,900 500. 70,530. 126,192. 119,880. 749,250. 
16 ,000 33. 66,116. 118,302. 112,380. 702, 375. 
18, 000 00. 58,764. 105,144. 99,880. 624,250. 
20,000 667. ,881. , 560. 89,880. 561,750. 
30,000 1,000. 33,434. 63,036. 59,880. 374,250. 
40,000 1,333. 26,411. 47,249. 44 880. 280,500. 
50,000 1,667. 21,116. 37,775. 35,880. 224 250. 
60,000 2,000. 17,587. 32,499- 29,880. 186 ,750. 
75,000 2,500. 14,058. 25,144. 23,880. 149,250. 
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C. G. Hylkema 


Abstract. The high-frequency limitations 
of pressure gages is of paramount import- 
ance in some measurements, particularly 
with unstable combustion of rocket motors, 
Because of the difficulty or impossibility of 
generating sinusoidal pressure variations 
at high pressures, the high-frequency re- 
sponse cannot be directly determined; in 
consequence, it is necessary to use aperi- 
odic functions such as a unit step or pulse 
for test purposes. The advent of digital 
computers makes it feasible to translate 
the time responses to these aperiodic func- 
tions to their frequency-phase equivalent 
and thereby determine the frequency-phase 
characteristics of the pressure-measuring 
system. This translation involves the evalu- 
ation of the Fourier integral which evalua- 
tion can be carried out by a stepwise inte- 
gration directly from the experimental time- 
response data. Some standard types of re- 
sponses can be translated to frequency- 
phase equivalents more directly. 

The experimental equipment for generat- 
ing pressure variations include (1) a reso- 
nant-tube sinusoidal generator for low pres- 
sures, (2) a burst-diaphragm step generator 
giving a rise time less than 1 millisec, (3) 
a shock tube giving a rise time less than 
100 microsec, and (4) a closed bomb. 


N recent years, rocket-motor develop- 
I ment has emphasized the necessity 
of determining and perfecting the dy- 
namie response of pressure gages. Mo- 
tor-chamber pressure oscillations with 
frequencies sometimes in the thousands 
of cycles per second have very marked 
effects on motor performance and in- 
fluence such factors as heat-transfer 
rates and design tolerances of material 
strengths. Consequently, it is import- 
ant that the pressure records be exact 
representations of the actual pressure 
variations. Combustion-instability in- 
vestigations require such stringencies 
as measuring the relative phases of 
high-frequency oscillatory pressures at 
various positions along the combustion- 
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Fig. 1. Cross-sectional sketch of burst-dia- 
phragm, pressure-step generator. 


chamber walls. From these considera- 
tions, the importance of determining 
the dynamic response of pressure gages 
is obvious. 

Quantitative representations of the 
dynamic response take various forms 
such as the amplitude-phase versus 
frequency diagrams found directly 
from responses to a succession of oscil- 
latory forcing functions or as the time- 
function equivalent of the amplitude- 
phase versus frequency relationship. 
Because of the restrictions of experi- 
mental equipment, the time-function 
representation is usually particularized 
in the form of the time response to a 
nonperiodic function such as a step 
function. This paper gives some atten- 
tion to the relationships between the 
amplitude-phase representations and 
the time-response representations. An 
understanding of these relationships is 
important, since most experimental de- 
terminations of dynamic response are 
obtained from recorded pressure versus 
time responses to a pressure step; but 
the representation is often required 
and sometimes more applicable in the 
amplitude-phase versus frequency 
form. Some selected subjects on these 
relationships especially appropriate to 
our problem are given particular at- 
tention. 

This paper also describes four pres- 
sure generators designed for studying 
gage response. Three are step-function 
generators: (1) a _ burst-diaphragm 
type, (2) a shock tube, and (3) a 
closed bomb. The fourth generates si- 
nusoidal pressure variations (less than 
1 psi) useful for low-pressure-gage 
studies. The problem of interpreting 
the gage responses to these pressure 
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generators is given some detailed atten- 
tion. Any references to actual gages 
are limited to the electrical-transducer 
type, since only electrical-recording 
systems are capable of the high-fre- 
quency response required in rocket-mo- 
tor development. 


PRESSURE GENERATORS 


Rocket-Motor chamber pressures us- 
ually exceed 200 psi. There are no tech- 
niques known to the authors for gener- 
ating pure sinusoidal pressures of 
practical amplitudes and sufficiently 
high frequencies, up to 10,000 cps. Sim- 
ple generators can be made to generate 
pressure step functions, and the time 
response to such a simple forcing func- 
tion is all that is necessary to deter- 
mine completely the dynamic behavior 
of the gage. The high-frequency-re- 
sponse determination is limited by the 
generator’s rate of pressure rise. Three 
successful pressure step generators are 





Fig. 2. Burst-diaphragm, pressure-step 
generator. 


described which have markedly differ- 
ent rise times. The one with the slowest 
rise is often used because of its greater 
operating simplicity. A description of 
a sinusoidal generator is included for 
completeness, though it is applicable 
only to gages with pressure ratings 
lower than those usually used in rock- 
etry. It has been used with practical 
results for testing differential-pressure 
gages. 


Burst-Diaphragm, Pressure-Step 
Generator 

This generator consists of a 200-cu 
in. steel chamber separated from a 
very small chamber by a thin plastic 
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ig. 3. Pressure variation in shock tube. 








diaphragm, usually photographic film. 
The small chamber is only large 
enough to accommodate the fittings of 
the gage or gage couplers. The gage 
end can be placed within .25 in. of the 
diaphragm. The diaphragm is cut by a 
spring-loaded, .25 in.-wide knife blade 
which is released by a solenoid actuated 
cam. All the important features of this 
generator are shown in a cross-section- 
al sketch (Fig. 1) and a photograph 
(Fig. 2). The lower plate, to which the 
gage is connected, is hinged to permit 
the convenient replacement of ruptured 
diaphragms. A microswitch, operated 
by the knife assembly at the moment of 
cutting the diaphragm, is used to syn- 
chronize operation of the recorder 
which is usually an oscilloscope-camera 
arrangement. 

Either chamber can be pressurized 
so that a step pressure rise or fall can 
be: generated. The pressure-fall ar- 
rangement develops a closer approach 
to the ideal step function. It was found 
necessary to use a felt lining for the 
inside chamber walls including the 
beveled face of the diaphragm well in 
the small chamber in order to eliminate 
pressure oscillations caused by reflec- 
tions from the hard surfaces. The pres- 
sure-drop time is about 0.250 millisec. 





Fig. 4. Closed bomb. 


Shock Tube 

The shock tube consists of a pair of 
rigid tubes of uniform cross section 
separated into two chambers by a dia- 
phragm. The gases in the two cham- 
bers are initially at the same tempera- 
ture but at different pressures. When 
the diaphragm bursts, a shock wave 
travels down the low-pressure tube. 
The pressure variation at a point a 
considerable distance from the dia- 
phragm has the general form as shown 
in Fig. 3, and this pressure is used as 
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a test source. The steep pressure rise 
is followed by a short period of con- 
stant pressure and then a gradual drop 
in pressure as caused by the rarefac- 
tion reflecting at the closed end of the 
high-pressure chamber. The shock tube 
can be so designed that the duration of 
constant pressure, after the steep rise, 
extends beyond the time of the tran- 
sient response of the gage system under 
test. Beyond the time delineated in Fig. 
3, multiple rarefactions and reflections 
of the shock wave cause irregular pres- 
sure disturbances which are of no con- 
sequence to our purposes. 

More detailed considerations of the 
operational phenomena and the desisn 
factors of shock tubes are given in 
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several references. ' * The shock tube 


at this Laboratory has a circular cross 
section of 2 in. and lengths of 4.5 and 
20 ft for the high- and low-pressure 
chambers, respectively. The diaphragm, 
made of aluminum, is prepunched with 
a pattern to make it rupture more 
suddenly. The diaphragm is clamped 
between end rings on the chambers. 
The tap used for testing gages is lo- 
cated approximately 10 ft from the 
diaphragm. 

In operation, the low-pressure cham- 
ber is pressurized to 200 psi. The high- 
pressure chamber can be pressurized 
toward 1400 psi. The magnitude of the 
pressure step approximates 200 psi. 
The rise time of the pressure step is 
about 250 microsec, but naturally de- 





pends on the diameter of the tap in the 
chamber wall. 

Dual-beam oscilloscope cameras are 
used for measuring the outputs of the 
gages under test. The second beam jj 
used to establish a time base using g 
sinusoidal signal of known frequency, 


Closed Bomb 


The closed bomb is a heavy-walled 
small chamber about 6 in. long (Fig, 
4) within which a dynamite cap may 
be exploded. The outer chamber is eon. 
structed of heavy-walled steel pipe and 
end caps. Inner aluminum liners may 
be used to stop fragments from the 
blasting cap and to confine the explos. 
ion so as to create higher peak pres. 
sures. One of the end caps accommo- 
dates tube fittings and a threaded bogs 
for the mounting of a comparison gage. 


The peak pressure developed is con- 
trolled by the internal volume of the 
bomb which may be varied by chang. 
ing the aluminum inserts. This gener- 
ator can develop higher pressure steps, 
700 psi being commonly used. The pres- 
sure rise time was of the order of 03 
millisec. 


Sinusoidal Pressure Generator 


The sinusoidal pressure generator 
makes use of an acoustic resonance set 
up in a 40-in.-long pipe to generate 
pressure fluctuations of the order of 
magnitude of 0.5 psi rms. A 35-w 
acoustic driver unit is used to excite 
the fundamental resonance frequency 
and its first ten harmonics. A barium 
titanate crystal is mounted in the end 
of the pipe and used as a pressure 
sensitive transducer to monitor the 
wave form and relative amplitude of 
the pressure oscillations. The resonant 
frequencies of the pipe occur at inte- 
gral multiples of 150 cps and are usable 
up to 2000 cps. 


FUNDAMENTAL RELATIONS 
BETWEEN TIME FUNCTIONS AND 
FREQUENCY FUNCTIONS 

The dynamic or frequency character- 
istic of a pressure system may be de- 
fined in terms of its response to @ 
pressure step such as is obtained from 
one of the pressure generators de- 
scribed. Customarily, engineers think 
of the dynamic response of a system 
in terms of amplitude-phase versus fre- 
quency characteristics which are us 
ually presented graphically. It can be 
demonstrated that the entire ampli- 
tude-phase versus frequency relation- 
ship over the required frequency spet- 
trum can be derived from a single re 
sponse to such a step function. Conse- 
quently, it can be appreciated that this 
method has great advantage from the 
experimental point of view, since it 
2. oids the tedious process of attenua- 
tion and phase measurements at 4 
large succession of frequencies which, 
under some physical circumstances, 
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Fig. 6. Elemental functions for curve fitting. 


cannot be carried out. However, it must 
immediately be admitted that the tedi- 
ous experimental procedure is only 
traded for a tedious amount of compu- 
tation, but modern digital-computer 
facilities effectively relieve this tedium. 
The amplitude-phase versus frequency 
representation of system performance 
is mandatory when records having 
steady-state periodic variations are 
evaluated or are subjected to fre- 
quency-spectrum analysis; in many 
instances, however, the transient re- 
sponse to step functions constitutes 
an adequate reprecentation of the dy- 
namic performance without carrying 
out the transient time response to fre- 
quency-spectrum transformation. 


The basic theoretical background of 
this subject matter has been long es- 
tablished, but it is recently that the 
principles have been very generally ap- 
plied. The methods of frequency analy- 
sis of periodic functions of time estab- 
lish the coefficients of the harmonic 
sine and cosine functions as follows:* 


—jnw,t 


+7/2 'o dt 


Pinw,) = a, + jb, = J ft 


-7T/2 


(1) 


where T is the period of the function 
and w, = 2x/T. The total time function 
tan be expressed in terms of the coeffi- 
tients of these harmonics as 

° 2 « 
Mt) = > ant (a, cos nwt + b, sin nwt) 


T 
(2) 





February 1954 


If n is extended to include all integers 
in the range —o to +o, and since 
f(o) = a., Equation (2) can be writ- 
ten‘ 


1 oo 7t2®, (nw 
fit) = — "F Plnwgse fra! (3) 
Equation (3) expresses the time func- 
tion in terms of frequency components. 
Equation (1) expresses the coefficients 
of the frequency components in terms 
of the time function. 


These relationships can be extended 
to include nonperiodic functions by ex- 
tending the +77/2 limits from —o to 
+o whereby w. becomes infinitesimal, 
and the P(nw.) coefficients merge into 
a continuous function. The limit of 
this process for Equation (1), noting 
that (nw.) merges into w, is simply 


P(w) = ae pte dt (4) 
lim 

Noting that (w/n) is dw, Equa- 
n> 


tion (3) may be written 


1 oo , 
ft) «~~ r Plaje!®™™ dw (5) 
Equations (4) and (5) are identified 
as Fourier integrals.‘ The function of 
time may be expressed as a func- 
tion of frequency (Eq. 5), and the 


function of frequency may be ex- 
pressed in terms of a time function 
(Eq. 4). The function may therefore 
be expressed in a time domain or a 
frequency domain, whichever is advan- 
tageous to the purpose. P(w) and f(t) 
are uniquely related. 

An important characteristic of the 
frequency distribution of transients is 
emphasized. Sketch a of Fig. 5 is a 
frequency-phase representation of a 
periodic time function made up of a 
series of harmonically related distinct 
frequencies. The frequen:y distribution 
of a transient is a continuous func- 
tion, as indicated in Equation (4). The 
distribution’ for a single step function 
using Equation (4) is proportional to 
1/jw, as is shown in sketch 6 of Fig. 5. 

In order to test a gage system, a 
step function is applied to the input, 
and a transient time response from the 
cutput is recorded. Using the relation 
of Equation (4), these time functions, 
both input and output, can b2 trans- 
formed into their frequency-phase 
equiva!ents P(w) in and P(w) ou. Taking 
the ratio of these two, the transfer 
characteristic T(w) reating attenua- 
ation and phase shift to frequency is 
determine: as follows: 


Plo)iue [Ptaf@ ” 
P(w),, “Profan 





T(w) ”~ (6) 





Fig. 7. 


Typical pressure-transducer re- 
sponse to step function (upper curve: 1000- 
cps time base). 


Using this procedure, the attenuation 
and phase-shift characteristics of any 
dynamic system can be determined over 
the necessary frequency spectrum from 
one simple test. 


DETERMINATION OF TRANSFER 
CHARACTERISTICS 

The computation indicated by Equa- 
tion (4) can readily be performed if 
an analytical expression can be derived 
for the experimentally obtained f(t), 
if f(t) is convergent and if the ex- 
pression is easily integrated. LaVerne 
and Boksenbom® give attention to the 
problem of the piecewise fitting of 
polynomials to experimental data per- 
mitting the evaluation of the Fourier 
integral (Eq. 4). 

In most cases, the experimental data 
cannot be easily or accurately fitted by 
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polynomials. An alternate method is 
to represent the empirical data as a 
summation of elemental functions. The 
frequency equivalent of the empirical 
time function can then be determined 
as the summation of the frequency 
spectra of each elemental function. The 
frequency equivalent of each elemental 
function is easily determined. 

Common elemental functions and 
their mode of application are illus- 
trated in Fig. 6, namely, (a) stairstep 
(b) triangle, (c) half-cosine, and (d) 
(sine x)/x. The bases of the triangle, 
half-sine, and (sine «)/x are over- 
lapped in the manner illustrated. The 
summation of the successive elements, 
each displaced along the time axis at 
equal intervals of time +, constitutes 
an equivalence to the function. 

An adequate representation of a 
function by a summation of a series of 
elemental functions imposes the neces- 
sity of a minimum number of sampling 
points or a maximum time increment r 
of displacement between the elements 
such that rmaz<1/2F., where F.. is the 
highest frequency content of the tran- 
sient, or otherwise the highest fre- 
quency of interest.’ 

The frequency spectra of the pre- 
viously named elemental functions are 
listed in Table I. From this table it is 
evident that the frequency-spectrum 
terms are composed of three compo- 
nents: e—jnt, a multiplying factor 
which is a function of the frequency 
w, and A» which is the amplitude of the 
sample. The general expression of the 
spectrum of the nth elemental function 


can then be stated as AnF'(w)e—J"Te 


The e—J"7’ term derives from the the- 
orem’ that if the Fourier transform of 
f(t) is F(w), then the Fourier trans- 
form of f(t—nr) is F(w)e—I"7, It is 
evident that the factor F'(w) is the fre- 
quency spectrum of the elemental func- 
tion placed symmetrically on the t = o 
axis. Each elementa! function contrib- 
utes the same frequency spectrum mod- 
ified by the amplitudes A, of the suces- 
sive samples and by the delay factor 
e€—jnrw to account for its position in 
time. Therefore, the total spectrum of 
the function is 


Play) = & A, Flwje-inre (7) 


where w, = any frequency of interest. 
The summation must be repeated for a 
sufficient number of frequency values 
throughout the range of interest to de- 
fine the frequency function. 

The transfer characteristic previ- 
ously defined by Equation (6) can now 
be expressed in terms of the summation 
process of Equation (7) 


[Fwy Z A, cir] 


output 





Tay) = (8) 
Fl) z A, cnr 


input 









From Equation (8) it is evident that, 
since the F'(w) terms cancel, the choice 
of elemental functions is of no conse- 
quence for computing transfer func- 
tions. However, for computing single 
transforms (Eq. 7), the use of the 
(sine x)/x function, which has a con- 
stant-amplitude frequency spectrum, 
involves the least computational work 
(Table I). 

The computations indicated in Equa- 
tions (7) and (8) constitute the gen- 
eral method of obtaining the transfer 
characteristic of any physical system, 
given the experimentally determined 
input and corresponding output time 
functions. An example of such a trans- 
formation is illustrated by Figs. 7 and 
8. Fig. 7 is the time-response curve. 
The time increments are accurately de- 
termined in this case, since the unrec- 
tified-carrier (10-kc) output of the 
pressure transducer is recorded direct- 
ly. The transfer characteristic, ampli- 
tude component only, is shown in Fig. 
8. 


Nonconvergence 


Viewing Equation (4), it is evident 
that, since the e—jwt is an oscillatory 
term, f(t) must approach zero for 
large t to be evaluated by the method 
just outlined. However, one of the most 
useful forcing functions, the step func- 
tion, and many responses to it, such as 
the example just given, approach non- 
zero constant values in the limit as t 
goes to infinity. Consequently, it is im- 
portant to establish procedures to eval- 
uate this type of integral. Methods ap- 
plicable to the problem of determining 
transfer characteristics are discussed. 


A simple solution is the image termi- 
nation of both the applied force and 
the response. At some time ft. such that 
the response is constant for all times 
greater than t., the constant-amplitude 
value is used as a base for the response 
that would occur for a step function 
opposite in sign to the initial step func- 
tion. Since consideration is restricted 
to linear systems, the simulated re- 
sponse is the image of the initial re- 
sponse, from which it is evident that 
the problem of nonconvergence has 
now been circumvented. The transform 
of both the modified input and output 
forms must be taken. This process can 
logically be extended to generate reri- 
odic functions upon which a Fourier- 
series analysis can be made. The dis- 
crete-frequency results can be trans- 
formed to a continuous-frequency func- 
tion by the simple expedient of drawing a 
smooth curve on a plot of the results. 


Another method of handling the 
lim 
f(t) 
t> 
= A. has been used by McQueen.* The 
summation (Eq. 7) is carried out, as 


previously, to some value of n = c be- 
yond which A, is constant. Beyond n 


function characterized by 
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Fig. 8. Transfer characteristic determined 
from time-response of Fig. 7. 


= ¢, the integration is carried out an- 
alytically. Thus, P(w) is determined 
in two parts: 


P(w) = £ A, eI" + r 
az=0 n= 


A e inte 


ees (9) 


The last factor is forced to converge 
by multiplying by e-*. Subsequent to 
the summation, the limit of this sum is 
found as a approaches zero. This sum- 
mation, in the limit, is identified as an 
end correction 


li g ~ 
ane ane A,e (a+ jor (10) 


end correction = 


or, expressed as an integral, 


end correction = .""\', 


lim A, i e7 (a+ jaTn dn (11) 
Integrating and taking the limit, the 
end correction becomes 


A 
end correction = — "3 (sin cwT + j cos cwT)(12) 
w 


A graphical representation of the in- 
cremental summations and end-correc- 
tion procedure is given by Fig. 9. The 
individual components of the summa- 
tion proceed to generate a circle after 
A becomes constant, as is evident from 
Equation (7). The illustration (Fig. 
9) demonstrates that the lower limit ¢ 
of integration must be equal to m + %. 

LaVerne and Boksenbom* point out 
an approach to the general problem of 
nonconvergent functions. If f(t) is 
non-convergent, then some nth deriva- 
tion of the function will be convergent. 
The P(w) can be determined utilizing a 
fundamental characteristic of the 
Fourier transform, namely,° 


l 
(jo! 


P(w) = 





ce : 
J fei" de (4g) 


When the input and output time fune- 
tions, f(t), are both constant after 
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Fig. 9. Graphical representation of Fourier 
transform summation to demonstrate the 
end correction. 


t = c, making necessary only one de- 
rivative, the transfer function can be 
determined by an integration by parts 


1S Whogg 71M dt + Welgyy om 
Transfer function « 





(14) 


we f tt), 1 des fle), ei 


If f(t) evolves into an oscillatory 
variation, the function can be assumed 
te consist of two parts, the oscillatory 
component /f:(t) and the remainder 
f(t). In practical cases f;(t) may be 
a constant after some time t = c. The 
oscillatory component must be sub- 
tracted from the function throughout 
the complete time range o to oo. Then 
P(w) = P(w:) + P(w:). If the oscilla- 
oui component is simple harmonic, 

en 


Pw) = (8 cos ¢ + jw sia ¢) 





A 
2 


-@ 


(15) 


where § is the angle at t = o, and A 
is one-half the peak-peak amplitude. 
This procedure also was suggested by 
LaVerne and Boksenbom.* 


Ramp Function 


Since infinite slopes are physically 
unobtainable, the step functions pre- 
viously referred to are more nearly 
ramp functions, as is illustrated in the 
inset of Fig. 10. The assumption of an 
ideal step function may lead to ap- 
preciable error when computing trans- 
fer characteristics. A simple procedure 
is first to assume a step function and 
then divide the result by the correction 
factors for the respective frequencies. 
If the ramp function reaches the 
Steady-state value at time — T, the 
correction factor is 


correction factor = — ib kKo + jlcos tke-D]( 16) 


where k = w/w., K = T/r, and (w. = 
2rf. = 2r/r). This correction factor is 
plotted in Fig. 10 as a function of the 
product kK. In practice 7 should be 
much less than 1/f.. 


Simplified Time Function— 
uency Response Relationships 


The values of x(t) at small values of 
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t have predominant influence in the 
values of P(w) at large values of w. 
Likewise, P(w) values at low w values 
are largely determined by x(t) as t 
becomes large. This phenomenon is 
formally stated in two theorems re- 
lating to the properties of the Laplace 
transform: (1) the final value theorem 
and (2) the initial value theorem.’ 
The final value theorem states that 


lim gex(s) = im, sft) 


sO 


(17) 


and the initial value theorem states 
that 


lim lim x(t) 


gave °M8) = plow (18) 
These theorems are useful in establish- 
ing a simplified method of deriving the 
frequency response of a first-order net- 
work from its time response to a step 
function. 


One characteristic of the response 
time function easily determined is the 
initial slope «x'(t)]+ = o. Since the 
transform of the derivative of a func- 
tion is s - Lx(t), the initial value theo- 
rem (Eq. 18) can be stated as 


lim, sPexfs) = 4%, x) = slope (19) 
x(s)\, aw * Sohee (20) 


Letting Equation (20) represent the 
response of a first-order system to a 
step function in the large w region, the 
frequency-domain equivalent of the re- 
sponse is obtained by the simple sub- 
stitution of jw for s. To obtain the 
transfer characteristic of the system, 
Equation (20) is divided by the fre- 
quency-domain equivalent of the input 
1/jw. From sketch a of Fig. 11 the 
slope is seen to be C/T. The transfer 
characteristic in the large w region can 
then be expressed as 


slopel,.g _ /T 


jo yo 


Tio), = (21) 


as is shown in sketch b of Fig. 11. 


The final value of x(t), as evident 
from sketch a of Fig. 11 is C, and 
from sketch a of Fig. 11 is C, and by 
by the same process we can begin with 
the relationship of Equation (17) and 
arrive at the relationship 


T(w), = C (22) 
T(w) at the lower values of frequency 
is now determined, as is shown by the 
horizontal line in sketch 6 of Fig. 11. 
If these values of T(w) are extended 
to the o<w<o region, they will inter- 
sect at some frequency «., determined 
by equating Equation (21) and (22) 


o, = /T (23) 
Now T(w) is not accurately defined by 
such a form as delineated by the 
dashed lines of sketch b of Fig. 11, and 
it is reasonable to expect a general 
form as shown by the first-order-sys- 
tem solid line of sketch 6. When the 
exact transfer characteristic is deter- 
mined, the response is found to be 
down 8 db at w = 1/T for the first- 
order system. At w = %e. = %T the 
response is down 1 db. As just shown, 
the T(w) characteristic of a first-order 
system is quickly determined by the 
measurements of the initial slope and 
final value of the system’s response to 
a step function. 

A similar procedure can be followed 
to determine the response of a second- 
order system with damping equal to or 
greater than critical. A second-order 
system will have zero initial slope, but 
T can be determined as the projection 
on the time axis of the maximum slope 
line extending from x(t) = o to a(t) 

lim 
= C= x(t). Exact computa- 
t> 2 
tions for the critically damped case 
establish attenuation values of 1.1 
db at w. — 1/T and 0.3 db at %4a., as 
is shown in sketch 6 of Fig. 11. 

Therefore, when analyzing nonoscil- 


latory time responses to a step func- 
tion wherein there is no evidence of 
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b. TRANSFER CHARACTERISTICS 
Fig. 11. Transfer characteristics for non- 
oscillatory responses. 


overshoot, it can be concluded that the 
attenuation at w. = 1/T is between 1.1 
and 3 db, and at %w, it is between 0.3 
and 1 db. An indication of which it is 
nearer can be gained from the time 
position of the point of maximum 
slope. 

The single-frequency oscillatory re- 
sponse of a second-order system is also 
a simple case, which is not treated 
here.” 


Digital Machine Computations 


The transformation calculations 
(Eq. 10) have been performed effec- 
tively using the card-programmed cal- 
culator (CPC) of IBM. The ecalcula- 
tion time can be reduced by having 
prepunched card sets of sine and cos- 
ine values for a succession of nrw 
terms from = o ton 80 or more, 
depending on the normal maximum 
number of n used. The computation 
needs to be programmed only once, and 
successive transformations are readily 
and economically carried out. IBM cal- 
culation procedures are given by Wal- 
ters and Rea™ for the similar Fourier- 
series analysis. 


CONCLUSION 


Because of the difficulty or impossi- 
bility of building sinusoidal pressure 
generators which deliver sufficiently 
high pressures, the experimental study 
of pressure-recording systems depends 
on the use of step-function generators. 
A burst-diaphragm generator and a 
shock tube have been used very sucess- 
fully. The use of these generators 
simplifies the experimental procedure 
relative to conventional experimental 
procedures of obtaining transfer char- 
acteristics of systems. The computa- 
tions necessary on the experimental 
data can be effectively and economically 
carried out with digital computer ma- 
chinery such as the IBM-CPC. Al- 
though particular reference was made 
to pressure-measuring systems, the 
computational methods apply to all me- 
chanical, electrical, and electromechan- 
ical systetns. 
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F. W. Velguth 


Abstract. An engineering approach to tne 
design of concentration control stations is 
presented. Several equations and nomo- 
graphs which permit the calculation of the 
minimum process capacities for concentra- 
tion control applications are developed. 
Such factors as load change, process flow 
rate, allowable deviation from the set point, 
tank and agitator design and time lags are 
discussed. 


I" recent years, the use of continuous 
process operations has become wide- 
spread in industry, particularly in the 
petroleum, chemical and food processing 
industries. As a result, a great need for 
the control of such operations has 
arisen. Process control requirements 
have been and are continuing to be- 
come more stringent. Therefore, the de- 
sign engineer is confronted with the 
problem of incorporating into his 
equipment features which will promote 
proper process control. 

A method for the determination of 
system capacities which will permit 
regulation of process variables within 
established: limits has been developed. 
Improved controllability of the process 
variables can be obtained from equip- 
ment having these capacities. In this 
paper the discussion will be limited to 
problems associated with chemical and 
physical concentrations as measured by 
specific gravity, pH value, conductivity, 
refractive index, dielectric constant, vis- 
cosity or any other measurement which 
can be related to concentration. Possibly 
the method employed here will find use 
on other control applications. 

The simplest concentration control 
problem arises when two streams of 
constant and known concentrations are 
blended. There is one and only one flow 
ratio which will give the desired con- 
centration in the blended stream. A flow 
ratio controller is used to proportion the 
controlled or captive stream to the un- 
controlled stream. The only anticipated 
load change on this system is that of 
flow rate. Under these circumstances an 
effluent concentration measurement is 
seldom required. 

This concentration control scheme is 
not applicable to process streams hav- 
ing both varying composition and vary- 


*Engineers, Corn Products Refining Com- 
pany, Chicago, Illinois. 


Determination of 
Minimum Capacities 


for Control Applications 


ing flow rates. Under these conditions a 
concentration measurement in the efflu- 
ent blended stream is required for con- 
trol purposes. The introduction of this 
measurement increases the time lag be- 
tween a load change and the corrective 
action by the control valve. After a load 
change, the concentration in the effluent 
stream will deviate from the set point. 
In order to limit this deviation, it is 
necessary to increase the capacity or 
volume of the process equipment. This 
capacity acts as a concentration surge. 
However, the very introduction of this 
capacity creates an additional time lag 
in the system. 

The problem, then, is to determine 
what capacity or volume will be re- 
quired for a given installation. A very 
large and well-agitated vessel would 
allow proper control. However, it is pre- 
ferable to obtain answers to such ques- 
tions as: What factors influence the 
design of a concentration control sta- 
tion? What minimum volume or capac- 
ity is necessary? What degree of agi- 
tation is required? What is the least 
expensive installation which will pro- 
vide the desired controllability? 


Single-Capacity System 


A method for determining the mini- 
mum capacity for control applications 
will be discussed. The following factors 
must be considered: 

(1) Desired effluent concentration 

(2) Maximum allowable deviation 

from the desired effluent con- 
centration 

(3) Magnitude of the load change 

(4) Flow rate through the system 

(5) Time lag 

(6) System volume or capacity. 

A typical mixing tank installation is 
shown in Fig. 1. For purposes of sim- 
plicity only two streams, X and Y, are 
shown. Fluid X may be considered as 
the process stream which varies in con- 
centration and flow rate. Fluid Y is the 
controlled stream which is to be added 
to the process at a rate which will result 
in a blended effluent stream of the 
desired concentration. The flow rate 
through the station is the sum of these 
two flow rates. 

As noted above, under steady oper- 
ating conditions a ratio between streams 
X and Y will exist and will give the 
desired effluent concentration. If the 
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Fig. 1. Concentration Control Station, Sin- 
gle-Tank System 


station is subjected to a load change, 
such as an increase in concentration in 
either stream or a change in flow rate 
of X, no change in the flow rate of fluid 
Y is experienced until the control sys- 
tem causes corrective action. The con- 
centration which would result from 
preblending fluids X and Y during this 
interval or time lag is different from 
the similar blended concentration which 
existed before the load change. This new 
concentration will be designated as the 
newly applied concentration. 


The first step in the development of 
an expression which will make possible 
the determination of the minimum vol- 
ume required for concentration control 
is to make a material balance for one 
component. Since the constituent or 
component whose concentration is to be 
controlled may be present in one or 
more streams, the influent stream may 
be considered as having been blended 
before entering the tank. During a 
small increment of time in the interval 
between the application of a load change 
and the correction by the control system, 
the change in the quantity of the com- 
ponent in the mixing tank is the differ- 
ence between the amount entering and 
the amount leaving the tank; the fol- 
lowing expression results: 


V.dC, = F C, dt-F C.dt (1) 
where V, = volume of the tank 

F = sum of the flow rates of all 

influent streams 
t= elapsed time after a load 

change 

C; = concentration in the tank 
effluent at any time 
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C,i= newly applied concentra- 
tion, assuming preblending 
of all influent streams. 

A step-type load change, a constant 
volume, and a constant newly applied 
concentration are assumed. The assump- 
tions simplify the mathematics and 
result in a safe-side calculation. Inte- 
gration of Equation (1) leads to the 
expression: 


AC=0,—C.=(C,—C,) (1—e- 4/1) 
(2) 
where C. = original concentration in 


tank effluent at t = O; 
i.e., before the load change 
AC = C: —- C. = change in ef- 


fluent concentration during ~° 


time t. 

Equation (2) contains all the factors 
which were listed for consideration. The 
desired effluent concentration or set 
point is the term C.. The maximum 
allowable deviation from the set point 
as dictated by process considerations is 
defined as AC. The term (C. — C.) is 
recognized as an expression of the mag- 
nitude of the load change to which the 
concentration control station is sub- 
jected. Flow rate F is the total flow 
through the system at the new condi- 
tions prevailing after the load change 
occurs. The summation of the various 
time lags in the process and control 
equipment is represented by a time t. 
A more complete analysis of these terms 
will be made during the discussion of 
practical applications of this equation. 


Two-Capacity System 
From Equation (2) it is apparent, 
upon inspection of the F’/V ratio in the 
exponent, that a large tank volume is 
required for large flow rates. It will be 
shown that a station consisting of two 
tanks in series reduces the required vol- 
ume for a given control application. 
This system is shown in Fig. 2. Similar 
to the development of Equation (1), 
material balances for one component 
can be made for each tank: 
V,dC,= F C,dt-FC,dt Tank1 (1) 
V,dC,=FC,dt-FC,dt Tank2 (3) 
The over-all material balance is then: 
V,dC, + V:dC,= FC,dt-FC,dt (4) 
where V; = volume of Tank 1 
V,. = volume of Tank 2 
F = sum of flow rates of all in- 
fluent streams 
t= elapsed time after a load 
change 
C.= newly applied concentra- 
tion, assuming preblending 
of all influent streams 
C:= concentration in effluent 
from Tank 1 at time t 
C,= concentration in effluent 
from Tank 2 at time t. 
All terms are to be in consistent units. 
To solve Equation (4) the term dC, 
must be defined. By solving Equation 
(2) for C, and differentiating, the 
following expression is obtained for 
Tank 1: 





1 Burnett, G. H., ‘‘The Inclusion of Process 
Control Inte Design,’’ ASME-AIChE, Joint 
Meeting, November 8, 1948. 


34 


dC, = (Ci-C.) 


| F -Ft/V; i 
—e 
V; (5) 


This equation may then be substituted 
for dC, in Equation (4) resulting in the 
expression: 


V; (Ci-C.) 
F -Ft/V;: 
ae. @ dt 
V; 
+ V,dC; = FC,.dt-FC,dt 


(6) 
Mathematical solution yields the follow- 
ing expression: 
AC = (C4 = C.) , 


V; —Ft/V; 
= e 
V; -V; 
V: —Ft/V: 
a e 
V; -V; 


where AC = C.- 








(7) 

C. = the change in 
concentration in 

the effluent 
from Tank 2 
during time t. 
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Fig. 2. Concentration Control Station, Two- 
Tank System 


Equation (7) is rather cumbersome and 
can be solved only by trial and error. 
However, this expression is useful in an 
existing operation when one tank is of 
insufficient volume to give the desired 
control, and it becomes necessary to size 
a second tank in series in order to de- 
crease the deviation from the set point. 

If a total volume, V; + V,, is as- 
sumed, it can be shown that a minimum 
value for AC/(C4 — C.) exists at the 
point where V; = V: = (V:; + V:)/2. 
At this same value, Equation (7) is not 
defined since the term (Vi: — V:) be- 
comes zero. For the special case of two 
tanks with equal volumes, Equation (6) 
can be rewritten and solved. The equa- 
tion for the change in concentration in 
the effluent from Tank 2 then becomes: 


AC= 0,—0, =(0,—C,) 
{(1— (e-F*/Y) (14+ Ft/V)] 
(8) 
where V = volume of each of two tanks. 


This same expression can be obtained 
from the general case for a two-tank 
system if the function in Equation (7) 
is allowed to go to its limit as V, ap- 
proaches (V; + V:)/2. 


Equation Summary ei 
The three equations which have been 
developed are: 
Single tank: 
AC=(0C,—0,) 1—e-?/%)} 
(2) 


Two tanks with unequal volumes: 
AC = (C.-C.) 


I- ‘e 
v, ) 
: ae 
V; —-Ft/V; 
+ e 
V;- V; 


(7 
Two tanks with equal volumes: 
AC= (C4—C,) [1 — (e-*'/") (14+ Ft/V)j 


(8) 
All terms are to be in consistent units, 








Discussion of Variables 


Further consideration of the signifi. 
cance of the various terms employed in 
the above expressions is now in order, 

The term (C, + C.) was recognized 
as the load change applied to the sta 
tion. The determination of the magni- 
tude of this term is a matter of judg. 
ment. For an existing operation, the 
size of load changes may be determined 
by measurement. The estimation of the 
magnitude of the load change to which 
a new process station will be subjected 
requires an analysis of the process pre 
ceding the station. Operations involving 
large volumes and relatively small pm 
cess flow rates will in themselves serve 
as concentration surge capacities blend 
ing out extreme variations of the con 
centrations of the components in the 
process stream. The load change ex 
pected under these circumstances would 
be rather small. Each system requires 
special analysis, and the largest volume 
obtained from the calculations should be 
used for the station. This represents the 
minimum volume required for control, 

A simple calculation does not always 
determine the values of the concentra 
tions. When such measurements as spe 
cific gravity, pH value, conductivity, 
refractive index, dielectric constant, o 
viscosity are employed, laboratory work 
must be done to determine their rela 
tionship to concentration. 

As was noted above, flow rate F is # 
be considered as the total flow through 
the system after a load change. For 
proper control, the greatest flow rate 
will require the largest tank volume if 
the other variables are held constant 

Time lag t is possibly the most diffr 
cult value to determine. It depends a0” 
the control equipment to be used, the 





nature of the measurement, and the lim — 
itations of the process equipment. For” 
these equations the time lag is the sum” 
of the following: 

(1) Internal lag time in the tank 

(2) Sample transportation lag 

(3) Sample processing lag 

(4) Measurement lag 

(5) Controller lag 

(6) Valve or operator lag. 

The internal lag time in the tank is 
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defined in this presentation as that time 
interval from the instant the load 
change is applied to the time the change 
is felt throughout the tank. This is usu- 
ally a function of the degree of agitation 
and the flow pattern induced by the agi- 
tator. The same intensity of agitation 
should exist throughout the tank. If 
this is not true, the capacity or volume, 
V, is only that which is effectively agi- 
tated. 

It is essential that the control system 
and process requirements be considered 
in determining the best economic solu- 
tion. A large tank, with a large lag and 
minimum agitation, may or may not be 
jess expensive than a smaller tank with 
more intense agitation. 

A given internal tank lag time can be 
attained by a properly designed agitator 
and tank. For instrumentation purposes, 
several aspects of agitation are very 
important. Generally speaking, with 
water-like materials the tank diameter 
and height should be approximately 
equal. Such additional features as baf- 
fling or off-centering the agitator, dis- 
tance from the tank bottom to the agi- 
tator impeller, and diameter and speed 
of the impeller should also be consid- 
ered. All these factors affect the flow 
pattern and intensity of agitation and 
therefore affect the internal lag time in 
the tank. 

A good approach to the problem of 
equipment design is to determine what 
limits are to be imposed on the station 
from process considerations, then super- 
impose any further requirements neces- 
sary to give the proper sample for 
measurement. For example, specific 
gravity is a measurement commonly 
used to determine slurry concentration. 
It may be necessary to deaerate the sam- 
ple to be measured. However, it would 
be better to design the station in such 
a manner that no additional air is intro- 
duced into the process stream. This can 
be accomplished by designing the tank 
so that a minimum liquid surface is pre- 
sented to the air. A relatively constant 
volume will insure a uniform agitation 
flow pattern. Both of these require- 
ments are met by the design of the tank 
in Fig. 1. 

For control of a two-tank station it 
is recommended that the measurement 
be made in the first tank. By so doing 
the time lag due to the holding time in 
the second tank is eliminated. If it is 
necessary, an additional measurement 
ean be made in the second tank for ad- 
lusting the set point of the controller. 
this system may be required for a pro- 
28s with a slow reaction rate.’ It is 
assumed that the second tank will be 
_ to the same degree as the first 


_ Sample transportation and process- 
ing lags are usually defined as sample 
holding time—the volume of the sam- 
pling system divided by the sample flow 
tate. Such measurements as pH value or 
conductivity can be made directly in the 


*G. H. Burnett, op. cit. 


tank. However, for specific gravity, re- 
fractive index or viscosity measure- 
ments a sample would normally be with- 
drawn from the vessel. Examples of 
sample preparation are clarification for 
refractive index measurement and the 
adjustment and control of temperature 
for specific gravity or viscosity meas- 
urements. 

Measurement lag, controller lag, and 
valve lag are self-explanatory; and 
their maguitudes will depend on the par- 
ticular equipment employed. Through 
the use of proper piping, it is possible 
to introduce a factor similar to the 
derivative function in a measurement. 
If the influent streams are introduced 
into the tank at a point near the eye of 
the agitator impeller and the measuring 


. electrode or sample connection is placed 


opposite the impeller discharge, it is 
possible to weight the sample with an 
excess of the incoming stream. The 
measuring equipment, therefore, senses 
a greater load change than is exhibited 
by the change in effluent concentration. 

To facilitate the application of Equa- 
tion (2) for a single-tank system and 


Equation (8) for a system with two 
tanks of equal volume, two nomographs 
have been prepared. These are shown in 
Figs. 3 and 4, respectively. To use these 
nomographs, it is only necessary to con- 
nect the values of F' and t to determine 
a point of intersection with the refer- 
ence line. By drawing a line through 
this point and the value of AC/(C.-C.), 
the required volume is determined. 


Application of Equations 


With the above information available, 
an illustrative problem can be solved. 
Suppose it is desired to dilute a heavy 
slurry of varying concentration to a 
slurry of uniform concentration. Pro- 
cess stream X is flowing at a rate of 67 
gallons per minute. It has a specific 
gravity of 1.1792 at 60° F, which cor- 
responds to 3.844 pounds of dry sub- 
stance per gallon of slurry. This stream 
is being diluted with water to an efflu- 
ent concentration of 1.590 pounds of dry 
substance per gallon of slurry. This cor- 
responds to a specific gravity of 1.0742 
at 60° F. By material balance calcula- 
tions it is found that the dilution water 
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requirement is 95 gallons per minute. 
These may be considered as the condi- 
tions prevailing prior to a load change. 

An analysis of the process shows that 
a load change will arise as a result of 
changes in process flow rate and con- 
centration to 105 gallons per minute 
and 3.688 pounds of dry substance per 
gallon of slurry, respectively. When this 
new load is applied to the control sta- 
tion, no corresponding change in the 
diluting water rate occurs until after a 
certain time lag. During this interval 
the dry substance concentration in the 
combined influent streams, Cu, is 1.936 
pounds per gallon. Flow rate F is the 
sum of these two streams, or 200 gallons 
per minute. 

The desired effluent concentration of 
the slurry, C., is 1.590 pounds of dry 
substance per gallon. The allowabie 
maximum and minimum values of the 
slurry concentration are 1.590 + 0.017 
pounds per gallon. Therefore 0.017 
pounds per gallon is the value of AC. 
A straight line relationship between 
slurry concentration and specific grav- 
ity has been assumed, since the corre- 
sponding specific gravity tolerances are 
the same for both positive and negative 
load changes. 

Time lag t remains to be evaluated. 
For a trial calculation, an internal tank 
lag of 40 seconds will be assumed. Since 
the slurry concentration will be meas- 
ured in terms of specific gravity, it may 
be necessary to remove a sample con- 
tinuously and transport it from the mix- 
ing tank to a measuring cell. If the lag 
in the sampling equipment is 10 seconds, 
and the measurement, controller and 
valve lags are an additional 10 seconds, 
the total lag time is then one minute. 

Thus the values required for use of 
the equations or nomographs are: 

F = 200 gallons per minute 
t = 1 minute 
AC = 0.017 pounds of dry substance 
per gallon 
C. — C. = 1.9386 -— 1590 = 0.346 
pounds of dry substance per 
gallon 
AC/(Ca—C.) = 0.017/0.346 = 
0.0491 

For a single-tank system, a 4,000 gal- 
lon tank is required. This solution is 
shown by the dotted lines in Fig. 3. For 
this solution a two horsepower, turbine- 
type agitator and a tank 9 feet in diam- 
eter and 8% feet high should be used. 


To prove the validity of the assumed 
40 second internal tank lag, it is neces- 
sary to compare the agitation required 
to keep the slurry in uniform suspen- 
sion with that required to give a 40 
second internal tank lag. Several trial 
calculations may be necessary to deter- 
mine that tank volume in which the as- 
sumed internal tank lag agrees with the 
minimum agitation requirements as dic- 
tated by process considerations. 

In order to make a study of the eco- 
nomics involved in the selection of the 
process equipment for a control station, 
several designs should be examined. If 
the internal tank lag were assumed to 
be 10 seconds instead of 40 seconds and 
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Station, 


Two Tanks with Equal Capacities 


the other lags remained constant, t 
would equal one-half minute. A single 
2,000 gallon tank would then satisfy the 
conditions of the problem. An agitator 
with a 7.5 horsepower drive would be 
required. The larger horsepower on the 
agitator drive is necessary in order to 
increase the intensity of the agitation 
to meet the requirement of a ten second 
internal tank lag. 


Depending on the materials of con- 
struction employed, the increased cost 
of the agitator may or may not be more 
than offset by the lower cost of the 
smaller tank. Other economic factors 
such as power costs and cost and avail- 
ability of processing space affect the 
selection of a particular control station 
design. 


Fer the above system using a 2,000 
gallon tank, Fig. 5 shows a graph of the 
change of concentration in the effluent 
stream versus time. This is a typical 
curve for Equation (2). The only por- 
tion of the curve affecting this problem 
is the period t = O to t = total lag time. 
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Fig. 5. Change in Effluent Concentration” 
with Time for a Single-Tank System : 
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However, it 1s of interest to note that 
a straight line tangent to the curve at 
t = O intersects the line C: = Cx at 
t= 10 minutes. Therefore, when t = 10 
minutes, the exponent of e is minus one; 
and the change of effluent concentrat.on 
represents 63.2 per cent of the applied 
joad change. This is a familiar factor 
used ia evaluating the response or lag 
in other types of measurements for con- 
trol applications. 

A control station employing two tanks 
of equal size as shown in Fig. 2 offers 
the possiblity of additional savings. 
Under the process conditions described 
above and using a time lag of one-half 
minute, the dotted lines in Fig. 4 show 
that two 285 gallon tanks in series will 
permit the desired control. Each tank, 
3.5 feet in diameter and 4 feet high, 
would be equipped with a % horse- 
power ag.tator. 

If process conditions permit, further 
savirgs could be realized by arranging 
these two capacities above each other so 
that a common agitator drive could be 
used. This construction is shown in Fig. 
6. The two volumes are separated by an 
annular ring in order to control the agi- 
tation flow pattern. This equipment con- 
sists of a one-horsepower agitator and a 
tank 3.5 feet in diameter and 8 feet 
high. 

A graph of the concentration in the 
effluent from the second tank versus 
time for a two-tank system is shown as 
a solid line in Fig. 7. The dotted line 
shows the change in effluent concentra- 
tion C, from the first tank as deter- 
mined by using the relationship for a 
single tank. Here again the portion of 
the curve of interest is in the region of 
t= Oto t = one-half minute. However, 
it should be noted that because of the 
high slope of these curves, greater care 
must be taken in selecting the value 
for the time lag in applying Equation 
(8) to a system us:ng two tanks with 
equal volumes. A comparison of the con- 
centrations in the effluent streams from 
each system is shown in Fig. 8. 


During the development of Equations 
(7) and (8) it was shown that the 
minimum system volume exists when 
two tanks of equal volume are employed. 
This is graphically represented in Fig. 
9. Equation (7) was used to develop 
this curve. For various values of V,, ex- 
pressed as a fraction of the total system 
volume, V,/(V; + V-), the correspond- 
ing values of AC/(C. — C.) were cal- 
culated. It is evident from Fig. 9 that 
for systems involving two tanks of un- 
equal volume, the quality of control 
obtained from capacities determined by 
Equation (8) will not be appreciably 
affected as long as the volume of one 
tank represents 40 to 60 per cent of the 
total volume of the system. 


_The above example made use of a 
linear relationship between the specific 
gravity of a slurry and the dry sub- 
Stance concentration. However, many 
physical and chemical properties are 
non-linear functions of concentration. 
or instance, to use pH value as a meas- 
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Fig. 6. Concentration Control Station, In- 
tegral Two-Tank System 
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Fig. 7. Change in Effluent Concentrations 
with Time for a Two-Tank System. 


ure of concentration, a titration curve 
is necessary to determine the amount of 
acid or base required to adjust the pH 
to the desired value. Such a titration 
curve is shown in Fig. 10. This curve 
shows that 0.795 ml of 10N hydrochloric 
acid is required to adjust 100 ml of the 
process stream to a pH value of 5. The 
specific gravity of the process stream 
is 0.850. The acid concentration can be 
converted to 0.0232 pounds of HCl per 
gallon of process fluid or 0.328 per cent 
HCl. To control within +0.2 pH units, 
the acid concentration must then remain 
between 0.0216 pounds and 0.0241 
pounds of HCl per gallon or 0.305 and 
0.340 per cent HCl. The values of C; or 
C, are restricted to these limits. For this 
example the maximum allowable AC 
resulting from a positive load change is 
different from that resulting from a 
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Fig. 9. The Effect of Volume Distribution 
on AC/(CA — Co) Ratio for a Two-Tank 
System. 


negative load change. When a process 
stream with varying pH values or 
reagent requirements is encountered, 
titration curves must be developed for 
both maximum and minimum conditions 
in order to evaluate the extent of the 
load change imposed on the station. 


In the above discussions it has been 
assumed that the time !ag in the control 
loop has been the governing factor in 
the design of a concentration control 
station. This is not always the case. 
Frequently process requirements estab- 
lish the capacity of a control station. 
Process operations such as liquid-solid 
extraction and neutralization employing 
barium carbonate or lime slurries have 
slow reaction rates. In these cases, the 
reaction rates will dictate the holding 
time or capacity required. 
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Instrument Articles of Interest 


by George F. Gardner 








; 20. “Approaching the Control Prob- 

lem of the Automatic Chemical or 
I, Petroleum Plant” M. V. Long and 
E. G. Holzman; ASME Trans. Vol. 
75—No. 7, pp 1373-1381, Oct. 1953. 
Discusses (a) the operational 
analysis of a continuous catalytit 
reaction process and its associ- 
ated control system (b) field tests 
on a turbine speed control system 
(c) benefits to be expected from 
computer control. 


91. “An Analysis of the Dynamics of 
Hydraulic Servo Motors Under 
Inertia Loads and the Application 
to Design” Harold Gold, E. W. 
Otto and V. L. Ransom; ASME 
Trans. Vol. 75—No. 7, pp 1383- 
1394, Oct. 1953. The servo motor 
dealt with in this paper is a 
power-amplifying positioning de- 
vice of the type used in such ap- 


— 
plications as control-valve posi- 
tioners, flight controls and power 
steering devices. 

ne 

> 22. “Dynamic Operation of a Force- 


Compensated Hydraulic Throt- 
tling Valve” J. L. Bower and F. B. 
Tuteur; ASME Trans. Vol. 75— 
No. 7, pp 1395-1406, Oct. 1953. If 
the characteristics of a hydraulic 
control valve are fairly regular, a 
linear analysis can be applied 
provided that the input is of low 
amplitude. Such an analysis re- 
veals that the valve can be con- 
sidered as a fairly simple feed- 
back loop, particularly if the 
valve and load are approximately 
symmetrical. 


23. “Metrological Criteria of an In- 
strument” Raoul Molle; Microtec- 
nic (Lausanne) Vol. 7—No. 4, pp 
171-184, 1953. Discusses the prob- 
lem of selecting or constructing a 
measuring instrument best suited 
to the nature and of the varia- 
tions of the magnitude to be 
measured and then deciding on 
the best operational method. 


24. “Open-Loop Frequency Response 
Method for Nonlinear  Servo- 
Mechanisms” R. L. Cosgriff; Ap- 
plications and Industry (AIEB) 
No. 8, pp 222-225, Sept. 1953. De- 
velops a graphical representation, 
Similar to the Nyquist diagrams, 
for the measured or calculated 
open-loop frequency response data 
of non-linear systems. 


25. “Describing Function Method of 
Servomechanism Analysis Applied 

to Most Commonly Encountered 

j Nonlinearities” H. D. Greif; Ap- 
plications and Industry (AIEE) 
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29. 


No. 8, pp 243-249, Sept. 1953 
Treats the use of describing func- 
tion curves in predicting the 
stability of a system containing 
a non-linear network and in find- 
ing the proper network to im- 
prove the performance of such a 
system. 


“Optimization of Nonlinear Con- 
trol Systems by Means of Non- 
linear Feedbacks” R. S. Neis- 
wander and R. H. MacNeal; Ap- 
plications and Industry (AIEE) 
No. 8, pp 262-272, Sept. 1953. 
Considers (a) controllers with 
any number of time lags or leads 
and usually operating in their 
saturated region, (b) loads con- 
sisting of nonlinear masses, non- 
linear dampers and nonlinear 
springs, (c) nonlinear elements 
intentionally added to the feed- 
back, shaped to provide optimum 
response in the saturated region 
of operation. 


“The Zero-Flux Current Tans- 
former” A. Hobson; Power Ap- 
paratus and Systems (AIEE) No. 
7, pp 608-615, Aug. 1953. Describes 
a method of reducing the core 
flux of a current transformer by 
supplying the necessary voltage to 
the secondary circuit. The re- 
sulting improved accuracies in 
ration and phase angle are out- 
lined together with the possibili- 
ties for reducing weight and size. 


“A Capacitively Coupled Field 
Mapper for 2-Dimensional Dis- 
tributed Source Field Problems” 
Edward O. Gilbert and Elmer G. 
Gilbert; Communication and Elec- 
tronics (AIEE) No. 8, pp 345-351, 
Sept. 1953. Describes on electric 
analog mapper using a resistive 
plotting surface and a coupling 
eapacitor. The mapper gives di- 
rectly usable 2-dimensional solu- 
tions of high accuracy. 


“Integrating Instruments for 
Simplified Quality-Control Meas- 
urements” D. M. Longenecker; 
Communications and Electronics 
(AIEE) No. 8, pp 375-380, Sept. 
1953. Covers a measurement sys- 
tem developed for applications in 
which the material tested is 
moved continuously, most of the 
necessary calculating functions 
being performed by two recently 
developed integrating instru- 
ments. 


(Continued on Page 40) 














transducer 


ae Model G1 transducer 
is a research tool designed 
for the measurement of 
forces from + 1.5 ounces to 
+ 80 ounces and for the 
measurements of displace- 
ments to + 0.0015 inch. 


Since the moving parts of the 
transducer weigh but 4.3 
grams, the dynamic 
characteristics of most 
systems to which it is 
coupled are relatively 
unchanged. 


Force or displacement 
applied to the transducer 
probe is translated into an 
exact electrical equivalent 
by means of a complete 
balanced bridge of strain 
sensitive resistance wire. 
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of this tank 
Ks is | 
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‘elding Pad Gages 
staggered on tank , 
for continuous visi- 
bility. 


HERE is a special line of gages 

that weld right to the liquid 
containing structure, thus becoming 
an integral part of it. It solves prob- 
lems where it is impractical for you 
to use a Conventional type gage be- 
cause of solids in suspension in a 
liquid, etc. 


These Special Gages follow Jer- 
guson Standard Gages in general 
design and materials, except for the 
method of attaching. The chamber 
of the gage consists of a bar steel 
pad which is welded to the vessel. 


Welding Pad Gages are made in 
both Reflex and Transparent types 
... in all sizes of Jerguson Stand- 
ard Gages. Pressure ratings are 
available to your specific require- 
ments. Welding pad may be of any 
metal desired to withstand corrosive 
or other conditions. 


Write for Data Unit on Welding 
Pad Gages for complete details. 
Whatever your gage problems, 
let Jerguson engineers assist you. 





Gages and Valves for the 
Observation of Liquids and Levels 
JERGUSON GAGE & VALVE COMPANY | 
100 Fellsway, Somerville 45, Mass. 

Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
Pétrole Service, Paris, France 
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31. 


“Preliminary Development of a 
Magnettor Current Standard” RB. 
P. Felch and J. L. Potter; Com- 
munications and Electronics 
(AIEE) No. 9, pp 524-531. De- 
ascribes work done on a second- 
harmonic type of magnetic modu- 
lator (magnettor) to obtain a 
standard of direct current. 


“A Universal Meter for Measuring 
Voltages at High Impedances, 
Microampers, and Insulation Re- 
sistance” W. R. Clark, R. E. Wat- 
son, and C. C. Mergner; Com- 
munication and Electronics 
(AIEE) No. 9, pp 551-555. De- 
scribes a multipurpose instrument 
which measures direct voltage up 
to 500 volts, direct currents as 
low as 10-12 ampere and insula- 
tion resistance up to 108 meg- 
ohms with a limit of error in 


each case not exceeding 5 per 
cent. 
“A-C Null-Type Recorder with 


Balancing Amplifier Which Pro- 
vides Damping and Suppresses 
the Quadrature Component” A. J. 
Williams, Jr. & J. F. Payne, Jr.: 
Communication and Electronics 
(AIEE) No. 9, pp 611-617, Nov. 
1953. Describes the construction 
of a recorder utilizing a _ self- 
balancing Wheatstone bridge and 
a circuit which suppresses the 
quadrature component of bridge 
unbalance, making the instrument 
especially useful for electrolytic 
conductivity applications. 


“A Commutatorless D-C Tach- 
ometer” A. R. Eckels and W. R. 
Peck; Communication and Elec- 
tronics (AIEE) No. 9, pp 625-629, 
Nov. 1953. Utilizes a rotating 
magnet and drag disc, motion of 
which is dected by a phototube 
circuit. Resulting signal is am- 
plified and fed to D’Arsonval ele- 
ment rigidly coupled to dise, 
current signal being of sufficient 
magnitude to restrain disc from 
moving. The magnitude of the 
current signal is a measure of the 
speed. 


“An Automatic Transfer Func- 
tion Measuring and Recording 
System” R. J. Ehret, E. F. Hochs- 
child, J. M. Embree and E. C. 
Grogan; Communiation and Elec- 
tronics (AIEE) No. 9, pp 665-669, 
Nov. 1953. Describes a versatile 
test station for frequency re- 
sponse measurement. Assembly 
is capable of producing pneuma- 
tic, electric, and displacement 
sine waves in the low frequency 
spectrum and facilitates rapid de- 
termination of the frequency re- 
sponse characteristics of devices 
and systems. 


35. 


36. 


38. 


40. 





Instrument Articles of Interest (Continued from Page 39) 


30. “Correction of Frequency Errogs 


in Wattmeters” James Rober 
Freeman; Communication ang 
Electronics (AIEE) No. 9, pp 679. 
682. Considers frequency errors 
due to voltage circuit reactance 
and errors due to mutual reaget. 
ance between current windings 
and voltage coil in a dynamome 
ter type wattmeter at frequencies 
up to 3000 cycles per second, 


“A Low-Frequency Oscillator” R. 
M. Howe and R. J. Leite; The Re. 
view of Scientific Instruments Vol, 
24—No. 10, pp 901-903, Oct. 1953, 
A low-frequency osciilator utiliz. 
ing an electronic analoj computer 
of the differential anulyzer type 
to solve the differercial equation 
of a mass-spring type of system. 
Frequency is variable from 0.01 to 
100 radians per second with a dis. 
tortion of less than 0.1 per cent. 


“An Integrating Photometer for 
X-Ray Intensity Measurements” 
E. Alexander, B. S. Fraenkel, A. 
Many, and I. T. Steinberger; The 
Review of Scientific Instruments 
Vol. 24—No. 10, pp 955-960, Oct. 
1953. X-ray diffraction spots on 
films vary in area and are uneven 
in density. The photometer de 
scribed, after calibration against 
a standard intensity scale im- 
printed on the film, scans the 
diffraction spot by a light ray and 
transforms transmitted light puls 
es into linear functions of intens 
ity by electronic means. 


“Pilot Plant Instrumentation” 
Clyde Berg; Industrial and En 
gineering Chemistry Vol. 45—No. 
9, pp 1836-1844, Sept. 1953. Dis 
cusses the general requirements 
and describes conventional it- 
struments suitable for pilot plant 
installation. 


“Recorders and Controllers im 
Pilot Unit Instrumentation” E. R. 
Roth and G. P. Masologites; Im 
dustrial and Engineering Chemis 
try Vol. 45—No. 9, pp 1845-1849, 
Sept. 1953. Discusses require 
ments for the class of instrumet 
tation and gives suggestions on 
physical arrangements. 


“Specialized Recorders and Col 


trollers on Pilot Units” C. H. Me™ 
Industrial and Engineer © 


Intosh; 
ing Chemistry Vol. 45—No. 9, DD 
1849-1852, Sept. 1953. Discusses 
why small-scale operations Tre 
quire special methods to make the 
instrument fit the job, together 
with a comment on the effective 
use of time cycle controllers i 
this type of operation. 
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41. “Automatic Control of a Pres- 
sure Process” N. H. Ceagiske and 
p. P. Eckman; Industrial and En- 
gineering Chemistry Vol. 45—No. 





miniature”. 
solve the production bottleneck 
when lack of space is a problem. 





Instrument Patents 
And Notes 


By Morris G. Moses 


Listed below are patents granted 
recently in the field of instru- 
mentation which we feel are of 
interest to our readers: 











No. 2,661,725—PNEUMATIC VALVE 
PRECISE POSITIONING DEVICE 

A description of a modern system including 
special pneumatic motor. 


No. 2,661,754—PRESSURE DIFFERENTIAL 
RESPONSIVE DEVICE 

One of the patents for the well-known 
“ring-balance” type of manometer. 


No. 2,662,394—APPARATUS FOR 
MEASURING THE DENSITY OF GASES 

A buoyant float system involving force 
balance and using two floats and two sealed 
chambers as a “standard” and “unknown,” 
respectively. 


No. 2,662,406—REFERENCE JUNCTION 
COMPENSATOR FOR THERMOCOUPLE 
PYROMETERS 

A bimetallic thermometer-driven rheostat in- 
volving a departure from the more well-known 
systems of resistance temperature coefficients. 


No. 2,662,408—ELECTRONIC 
PRESSURE INDICATOR 

The system described is typical of contem- 
porary pressure indicators using pressure 
transducers as part of a frequency-modulated 
oscillator, and employing an oscilloscope or 
vacuum tube voltmeter as the indicating unit. 


HE RESISTOR OF PRECISION 


It's Power in Miniature! 


The precision - built Dalohm 
power resistor is real “power in 


Dalohm 


resistors 





tobert 9, pp 1879-1885, Sept. 1953. Pre- 
and sents the results of an analytical 
DP 679. and experimental investigation of 
*rrors the dynamic characteristics of a 
‘tance simple gas pressure process in- 
react- volving thermodynamics and fluid 
dings flow. The degree of agreement 
home. between the analytical and experi- 
Ncieg mental investigation is discussed. 
42, “Radiation-Conduction Correction 
"oR for Temperature Measurements in 
e Re. Hot Gases” W. E. West, Jr. and 
Vol J. W. Westwater; Industrial and 
1953. Engineering Chemistry Vol. 45— 
tiliz. No. 10, pp 2152-2156, Oct. 1953. 
uter A theoretical treatment is de- 
type veloped in order to calculate the 
ition errors of temperature probes ex- 
tem. periencing simultaneous convec- 
1 to tion, conduction, and radiation 
dis. heat transfer. 
it. 
43. “Temperature Indicating Paints” 
J. E. Cowling, Peter King and 
for Allen L. Alexander; Industrial 
nts” and Engineering Chemistry Vol. 
A 45—No. 10, pp 2317-2320, Oct. 
The 1953. Detailed information on 
ents the characteristics of temperature 
Oct. sensitive paints in the range 
on 50°C ta 270°C with practical 
ven comments on preparation and use. 
de- Bibliography 10 references. 
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for complete information. 


UCTS, INC. 


Columbus, Nebraska 






Dalohm precision power resis- 
tors are unmatched for power, 
performance and dependability 
—no wonder they’re rapidly be- 
coming the standard of the in- 
struments field. 









No. 2,662,409—MANOMETER 


A patent for a “roll-up” type of mano- 
meter using flexible tubing. 


No. 2,662,509—CONTROL APPARATUS 


A description of one of the common multi- 
ple-element feed water systems and its asso- 
ciated controls as used in the power plant 
field. 


No. 2,662,985—RADIATION-ABSORPTION 
TYPE LIQUID LEVEL INDICATOR 

A  liquid-level gage using an ionization 
chamber and responsive to a radiation pattern 
dependent upon level of fluid Included is a 
compensating chamber for changes in vapor 
pressure above fluid. 


No. 2,663,005—ELECTRIC POINTER 
CLAMP FOR INDICATING INSTRUMENTS 
Details of galvanometer-type instrument 


pointer-clamping typical in many vane-type 
meters. 


No. 2,663,085—EXTENSOMETER 

Novel electrical strain measuring device for 
test specimens employing modified gage ele- 
ment in removable fixture for convenience of 
testing. 


No. 2,663,121—COMBINATION PRESSURE 
REDUCING REGULATOR AND RELIEF 
VALUE 

A typical patent for a diaphragm spring-op- 
posed regulator with integral relief value op- 
eration upon overpressure of diaphragm. 


No. 2,663,186—FUEL-DISTANCE METER 
(Swedish Origin) 

A combination displacement type fuel meter, 
speedometer and optical integrator. The op- 
tical system comprises two overlapping disks 
and totalizes in a novel manner. 


No. 2,663,188—LIQUID METERING AND 
FLOW-INDICATING DEVICE 

A design for a partially exposed orifice used 
in the rayon industries. 


No. 2,663,458—RUPTURE DIAPHRAGM 
UNIT 

Simplified design for a rupture disk and 
fittings with scoring on the disk to form 
“petals” which are caught within housing upon 
rupture. 


No. 2,663,467—FLEXIBLE SLEEVE 
IRIS VALVE 

A very unique design for a flexible sleeve 
valve which might easily be adapted to rotary 
operators for control purposes. Principle 
analogous to the camera “F” opening mech- 
anism. 


No. 2,663,610—ELECTRICAL RECORDER 

Typical example of vane-type electronic oscil- 
lator controller-recorder in mechanics and cir- 
cuitry. 


No, 2,663,772—FLOAT SWITCH 


Design for a rugged switch to produce high- 
low level signals in a brake-fluid system. 


No. 2,663,781—PRESSURE PICKUP 
ELEMENT 

Fluid pressure stresses a resistance element 
wound around the wall of a tubular fitting 
to produce an output signal which is a fune- 
tion of pressure. Temperature compensation 
is included. 


No. 2,663,802—NEUTRON DETECTOR 


A very unusual design for neutron detection 
employing an electret instead of the more com- 
mon mediums such as BF,. 
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Principles of 


AUTOMATIC CONTROL 


By G. F. AKINS * 


Editor’s Note: This is the second of three parts of the text used in the popular Instrument 
Society of America film bearing the seme name. The 
educational institutions throughout the United States and Canada for instructing em- 
ployes and students in the basic fundamentals of automatic control. 


PART Il 


DESIGN OF AN AUTOMATIC CONTROLLER 


Let us consider the basic principle of automatic 
control as set out in the condensed statement: 
“The fundamental purpose of automatic control 
is to maintain a balance between the input and 
output of a process.” 

For example, let us consider the tank of water 
shown in Fig. 2A. Water feeds into the tank 
through valve “A” and water feeds out of the 
tank through valve “B.” It is desired to control 
the level at a fixed point. To provide an indicator 
of level let us install a float to ride on the surface 
of the water and connect it to a pointer to indi- 
cate the level on a scale. If the input through 
valve “A” balances the output through valve “B,” 
the level will stay constant at the desired point on 
the indicator scale. If the output is increased; 
that is, if valve “B” is opened slightly, more water 
will flow out than is flowing in, and the level will 
drop. The pointer will then show that the level 
has dropped below the desired control point. In 
order to return to the desired control point it will 
be necessary to open valve “A” to balance the new 
outflow. We have thus demonstrated the prin- 
ciple of automatic control by balancing the input 
against the output to control a liquid level process. 

At this point we may be asked how liquid level 
compares with temperature level or some other 
form of measurement. Perhaps the fellow to 
whom we are talking bluntly says, “I’m not in- 
terested in maintaining a tank level. I am inter- 
ested in maintaining a constant temperature in a 
room or in a machine.” Perhaps his problems are 
along other lines and he may say, “I am interested 
in maintaining a pressure level or constant pres- 
sure in a pipe line.” He may mention flow con- 
trol, conductivity, or any number of other types 
of measurement and control. 


*Instrumentation Engineer, Eastman Kodak Co., Rochester, WN. Y. 
Author’s Note: Grateful acknowledgement is made to John H. 
Kowalski for his fine cooperation in the construction of the demonstra- 
tion equipment shown throughout this text. 
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Fig. 2—Basic Controi Systems 


In each of the above systems: 


If input valve “A” is set to balance the outflow through 
valve “B,” the pointer will stay at the desired control point 
as shown. 


If valve “B” is opened to increase the outflow, the — 
pointer will fall. If valve “B” is closed to decrease the ots : 
flow, the pointer will rise. 4 
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To establish the similarity of liquid level to 
other measurements let us now turn to Fig. 2B. 
You will recognize this as a typical water heater 

m. Steam flows in through valve “A,” 
through a heating coil, and out through a trap. 
Cold water flows into the bottom of the tank, is 
heated and flows out through valve “B.” The in- 
put to this equipment is the heat supplied by the 
steam and output is the heat given to the water. 

To indicate temperature level on this system 
we can install a bulb in the tank and fill the bulb 
with a liquid. Whenever the temperature changes, 
the pressure within this bulb will change because 
of the expansion of the liquid: We will now con- 
nect the bulb to a Bourdon spring with a capillary 
tube, in order to transmit the pressure generated 
in the bulb to the Bourdon spring. As you know, 
with an increase in pressure within the Bourdon 
spring, the end of this spring will move outward. 
To this spring we will attach a pointer similar to 
our liquid level system and thereby obtain an in- 
dication on a dial. We have thus produced a 
temperature indicator to measure the tempera- 
ture within the tank. 

If we admit the correct amount of steam 
through valve “A” to heat the water to a desired 
temperature, the process will come to a balance 
and the pointer will show that we have achieved 
the desired control point. Now as before, if we 
open valve “B” slightly we will allow more water 
to flow through the tank. Since the same amount 
of steam is being fed into the coil it is evident 
that the water will not reach the same tempera- 
ture as originally noted. With the lower tempera- 
ture, the thermal bulb will exert a lower pressure, 
the Bourdon spring will partially collapse, and 
the pointer will drop on the scale. This is an 
example of temperature level control. 

Returning to Fig. 2A, we note that both sys- 
tems behaved in the same manner. An increase 
in output caused the indicator pointer to fall in 
both cases. 

It appears, therefore, that the operation of the 
temperature level controller follows the same pat- 
tern as the liquid level controller. 

Now consider the pressure controller shown in 
Fig. 2C. Here it is desired to maintain a desired 
pressure within the pipe between valves “A” and 
“B.” Water enters the pipe through valve “A” 
and leaves through valve “B,” and by throttling 
valve “A’”’ to balance the resistance created by 
valve “B,” a definite pressure can be established 
in the pipe line. To provide an indicator for this 
system, a connection is made into the side of the 
pipe and a short length of impulse tubing is run 
to a Bourdon spring. To the Bourdon spring is 
attached a pointer which will register the meas- 
ured pressure on a dial. If valve “A” is adjusted 
to the proper opening to balance a specific open- 
ing of valve “B,” the pressure within the pipe 
line, or the pressure level of the system, will re- 
main constant and the pointer will remain at the 
desired control point. If valve “B” is opened to 
permit an increase in outflow from the system, 
the resistance to flow at valve “B” will decrease 
and the pressure within the pipe line will fall. 
With the reduced pressure the Bourdon spring 
will partially collapse and the pointer will drop 
on the scale. An increase in output has caused 
the pointer to drop in a manner similar to the 
liquid level and temperature systems. 
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As a fourth illustration, please observe Fig. 
2D illustrating a flow control system. In this 
case, flow is measured by the differential pressure 
created by an orifice in a pipe line. The mecha- 
nism shown above the orifice consists of a dia- 
phragm located between the high pressure and 
low pressure impulse chambers so that any change 
in differential pressure will cause the diaphragm 
to move and thus position a pointer on a scale. 
As in the case of the pressure control system, if 
valve “A” is set to balance a specific outflow 
through valve “B,” the system will be in balance 
and the pointer will indicate the flow rate or flow 
level on the dial. Again, if valve “B” is opened 
to increase the rate of outflow, the resistance at 
valve “B” will decrease, the downstream pressure 
at the orifice will decrease, hence the differential 
pressure across the orifice will increase. The in- 
crease in differential will cause the diaphragm 
to move downward and thus drop the pointer 
on the scale. As in the previous examples, an in- 
crease in outflow has caused the pointer to fall 
away from the original control point due to the 
unbalance of input to output. 


To complete the picture, please observe Fig. 2E 
showing air heated by a steam coil in a manner 
similar to that of the drying machine in Problem 
“X.” In this system a capillary type bulb is used 
as the measuring element and the pressure de- 
veloped therein is fed to a Bourdon spring. If 
the proper amount of steam is admitted through 
valve “A” to balance a specific flow of air through 
damper “B,” a constant temperature will be main- 
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Fig. 3—Self-acting Controllers (Proportional Type) 


The above devices have a fixed throttling range (pro- 
portional band.) 

Any increase or decrease of load (change of flow 
through Valve “B”) will cause the level to change and 
thereby reposition the stem of control Valve “A” to balance 
the new load. This corrective action also moves the in- 
dicating pointer. Any change in load therefore will cause 
the pointer to deflect from the original control point. 
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tained in the system. If damper “B” is opened 
to increase the outflow, it is obvious that the air 
temperature will drop due to insufficient steam 
input, and the pointer will drop on the scale. 


We have thus investigated the behavior of five 
basic control systems, and discovered that the 
fundamental of “balancing the input against the 
output to maintain a desired level” applies to each 
of the five systems. 


Up to this point manual control has been utilized 
to restore the balance in each system. Valve “A” 
was adjusted by hand to regulate the input to the 
process and it would soon be realized that this 
procedure is a tiresome task if the process is to 
be operated continuously under varying loads. In 
the case of the tank level control, we may reach 
a point of exasperation after attempting hand 
control for several days, and seek a means of auto- 
matic regulation. Observing the relationship of 
tank level to the flow through valve “A,” the 
thought would occur to us that the float could be 
linked to the valve stem by a system of levers so 
that any change in water level would reposition 
the stem and regulate the input flow. This de- 
vice could then be called a “self-acting regulator” 
as shown in Fig. 3A. 


The liquid level system, Fig. 3A, shows the 
previous tank level scheme but the float is con- 
nected to a lever that opens or closes the valve 
in accordance with the tank level. The design 
of the valve, however, will require the application 
of long established fundamentals. First, we will 
choose the point of maximum tank level and plan 
that the valve will be fully closed at that position. 
The lowest permissible tank level is then selected 
and the lever system and valve are arranged to 
cause the valve to be fully open when in such 
position. The “open” and “closed” positions of 
the valve will then correspond to the extreme 
points on the dial scale pictured in the sketch. 
This span, or range of travel, can be labelled th« 
“throttling range” of the controller. 


To provide true proportional action, we will 
design the port of the valve to throttle the flow 
proportional to the position of the stem which in 
turn is positioned by the lever acting as the in- 
dicator pointer. With the pointer at mid-scale, 
the valve then will deliver 50 per cent flow. For 
any other percentage of pointer or stem travel, the 
flow will be in direct proportion to the position 
of those parts. The device has now become a 
“proportional” type controller. 


Let us investigate the operation of the con- 
troller by visualizing the tank level system in 
operation. Assuming that the flow out through 
valve “B” is 50 per cent of the maximum capacity 
of the system, we can adjust the leverage and 
control valve to produce an equivalent flow of 50 
per cent and the system will be in balance. The 
pointer will indicate “50” on the dial and will 
represent the desired control point for the sys- 
tem. Now assume that the load or output flow 
is increased to 75 per cent. More water will flow 
out of the system than flows in, hence the level 
will begin to drop. As the level drops the float 
will cause the valve to open and increase the input 
flow. This rebalancing action will continue until 
the valve has been opened to supply the 75 per 
cent flow. The system will then reach a new 
balance and the level will remain constant. We 
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Fig. 4 


will note, however, that the pointer is not at the 
original or desired control point, but has grad 
ally dropped to the “75” mark on the dial. The 
action of this self-acting proportional valve is 
typical of all types of proportional controllers; 
that is, to restore balance following a load change, 
the measured level must change in order to re- 
position the valve to a new input rate. 


To show that a temperature control system will 
behave in a similar manner let us now consider 
Fig. 3B showing the previous water heater con- 
trolled by a self-acting device. The thermal bulb 
in this system is connected to the bellows of a self- 
acting valve. This bellows, because of the pres 
sure exerted by the thermal bulb, will open or 
close the valve to throttle steam to the water 
heater. You will note that the pointer is con 
nected to the stem of the valve so that a tempera- 
ture indication corresponding to the movement of 
the valve stem is obtained. If the flow out of 
valve “B” is 50 per cent of the total possible load 
and the temperature controller is adjusted to ad- 
mit the correct amount of steam for this condi- 
tion, the pointer will be at the midpoint of the 
scale. The system will control satisfactorily with 
constant flow through valve “B,” but as before, if 
we open valve “B” to allow a greater flow of water 
through the heater, the temperature in the tank 
will drop. The thermal element will generate less 
pressure, the bellows will contract and the valve 
will open to admit more steam to the heating coil. 
The system will come to balance when the valve 
has opened sufficiently to balance the new load but 
we will find the pointer below the desired control 
point on the dial. This performance is identical 
to that of the liquid level control previously 
described. 


As a further example of a proportional con- 
troller let us consider Fig. 3C showing a pressure 
regulator of the self-acting type. You will note 
that the pressure within the line under control 
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js fed back to a diaphragm top. This in turn posi- 

the stem of the valve and thus regulates 

the flow through the valve. The pointer is con- 

to the valve stem and registers the water 

re on the dial. We can, as before, balance 

this valve to the desired control point at the center 

of the scale and as long as the load through valve 

“B” is 50 per cent, the controller will maintain 

the desired pressure in the pipe line. If this load 

js increased to 75 per cent, the resulting drop in 

in the pipe line will cause the valve to 

. When the valve has opened to deliver 75 

cent flow, the system will again come to bal- 

ance but the pointer will be below the desired 
control point on the dial. 


Reviewing the three systems just described it 
is evident that the same principles apply to all 
types of self-acting regulators. First, the throt- 
tling range (or proportional band) is determined 
by the amount of movement required of the con- 
trolling valve to travel from the minimum to maxi- 
mum position; second, a load change causes the 
pointer to deflect from the original setting. This 
action, known as “offset from control point” is 
required to rebalance the controlling valve fol- 
lowing a load change. 


Let us now place the demonstration panel in 
operation and show the simple self-acting con- 
troller in action. (See Fig. 4) 


It may be well to first explain the arrangement 
and operation of the demonstration panel. To 
supply water to the panel, a sump tank and pump 
are located at the left side of the panel. This unit 
pumps water to a constant head point above the 
panel, thus providing a constant pressure to the 
input valve or float valve. The water flow is regu- 
lated by the position of the stem of the valve. On 
leaving the valve, the water passes up and over 
a pipe loop in order to maintain a constant back 
pressure on the valve. This arrangement also per- 
mits the flow from the valve to be readily seen. 
The water now passes down a supply tube and 
finally reaches the transparent tank. The level 
in this tank is the variable to be controlled. In 
order to readily see the changes in level a bal! 
float has been installed in the tank and by a sys- 
tem of linkages, the level changes are recorded 
on a circular chart. The chart is driven by a 
one-hour revolution clock. As the water leaves 
the tank it will pass out through one or more 
pet-cocks located in the discharge pipe. These pet- 
cocks each have a flow value of 25 per cent of the 
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Fig. 5A—“On-Off” Pneumatic Controller—Liquid Level 
Control System 
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Fig. 5B—Operating Data-Nozzle Baffle System 


total flow of the system; that is, with four valves 
open the flow will be 100 per cent, with two valves 
open the flow will be 50 per cent. These pet-cocks 
provide the means of changing the load on the 
process. As the water leaves the pet-cocks it flows 
back to the sump for further recirculation. 


The lever from the float to the recording mecha- 
nism is connected to the valve stem so that a de- 
crease in level will cause the valve to open. You 
will note that the throttling range of this device 
is 100 per cent of the total chart travel; that is, 
the pen must traverse 100 per cent of the chart 
to move the valve from the “closed” to “open” 
position. 

Let us place the apparatus in operation. By 
opening two of the loading valves we can set the 
load on the process at 50 per cent. By adjusting 
the stem of the control valve, the input flow can 
be made to balance the output flow when the pen 
shows “50” or the midpoint of the chart, and the 
self-acting device will provide stable control under 
this load. 


You will note that the chart bears a red band. 
This band is to indicate the control band required 
of the process and is to simulate the condition in 
Problem X wherein our friend required a control 
band of plus or minus two degrees. Our aim then 
is to control the tank level to hold the pen within 
the red band. 


Note that the control of liquid level is very sat- 
isfactorily under the 50 per cent load. Let us 
now change the load to 75 per cent and observe 
the action of the controller unit. As the load is 
increased the water level begins to drop and there- 
by causes the valve to open wider. When the valve 
is opened to the 75 per cent flow rate, the process 
is again in balance, but you will note that the re- 
cording pen has dropped to the “75” mark on the 
chart. The system is in stable control but not at 
the desired control point. A corresponding devia- 
tion of the pen would occur if the load were set 
at some other load such as 25 per cent. 


Suppose the load returns to 50 per cent. As we 
reset the loading valves to return to that value you 
will note that the level in the tank will begin to 
rise. As the level returns to the original position, 
the control valve will be delivering 50 per cent 
of flow and the system will again be in balance. 
The pen has now returned to the red band. 


The action of any proportional type control will 
be found to follow the same pattern as the level 
device shown in this demonstration. 


During the demonstration you may have noticed 
that the valve had a tendency to stick due to fric- 
tion between the stem and stuffing box. Because 
of the small amount of force developed by the 
float, there is insufficient power in the control unit 
to accurately position the valve. This condition 
will be found to exist in many types of self-acting 
devices with the exception of self-actuated pres- 
sure controllers. 
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For instance, if we should design a temperature 
controller to be operated by the action of a 
Bourdon spring, we would find that the force de- 
veloped by the spring to be in terms of “flea 
power.” Such small forces could hardly be ex- 
pected to position a 6 in. steam valve as found in 
Problem “X.” We must utilize power from some 
external source to motivate the valve, and the 
source should permit the valve to be located at 
some distance from the controlling unit. 


The use of electric contacts above and below 
the float arm could be considered. As the level 
rose, the upper contact would be made and the 
current would cause a motor-driven valve to close. 
As the level fell, the lower contact would be made, 
and the motor would reverse, causing the valve 
to open. This type of control would produce 
“on-off” action and would be suitable for many 
installations, such as an extremely large tank 
wherein the valve could open and close yet cause 
only a slight change in liquid level. Other similar 
applications, such as a refrigerator unit or the 
home heating plant, are found to be fully satis- 
factory because of the heat storage capacity with- 
in the system. It is our aim, however, to design 
a control unit having proportional action com- 
parable to the self-acting device investigated a 
few moments ago. 


Considering that the traasmission lines to the 
valve may run through hazardous areas, as is the 
case in many chemical process plants, it may be 
well to investigate the use of compressed air as 
- source of power between the controller and 
valve. 


Our first step then is to design a valve that can 
be regulated by compressed air. The flexible dia- 
phragm offers a simple means of converting air 
pressure to mechanical motion, such as pushing 
the stem of a throttling valve, so our design will 
begin with a cast iron housing enclosing a rubber 
diaphragm. A pusher plate, placed under the dia- 
phragm, is attached to the valve stem so the 
motion of the diaphragm will be transmitted to 
the stem. Air pressure applied to the top of the 
diaphragm will cause the stem to move downward 
and open the valve port. A spring will now be 
located below the pusher plate to oppose this 
action. Since the deflection of a spring is directly 
proportional to the applied force, the downward 
motion of the valve stem will be directly propor- 
tional to the air pressure imposed upon the dia- 
phragm. We will now select a spring having 
sufficient strength to hold the valve stem at the 
topmost or “closed” position when 3 psi pressure 
is applied to the top, and as the diaphragm pres- 
sure is increased to 15 psi, will force the valve 
stem to travel downward to the full “open” posi- 
tion. The full stroke of the valve used in this 
demonstration is one-half inch. 


The design can be modified to meet various re- 
quirements such as “air to open” or “air to close” 
and by increasing the area of the diaphragm, 
sufficient force can be obtained to operate ex- 
tremely large valves or dampers. Connecting tub- 
ing can be run for some distance to permit remote 
operation of the valve. 


Our next problem is to design a controller to 
modulate the air pressure to the valve in accord- 
ance with some measured variable, such as tem- 
perature or liquid level. 
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It is common knowledge that blocking the flow 
from an open nozzle will cause an increase in back 
pressure within the nozzle. To further investigats 
this action, we will make use of a standard mj 
crometer having a small nozzle assembled in the 
fixed anvil. Supply air will be fed to the nozzle 
through a short length of tubing containing aj 
orifice or restriction. As the micrometer step 
is advanced toward the nozzle, the back pressure | 
at the nozzle will increase because the orifice jg 
supplying more air than can escape from the 
nozzle. If the stem is withdrawn from the nozzle 
more air escapes from the nozzle than is supplied 
by the orifice and the nozzle pressure will de 
crease. A range of back pressure of 3 psi to 1§ 
psi can thus be obtained by moving the microm. 
eter stem a very slight distance. : 

To apply this scheme as a controlling device, 
we will replace the micrometer stem with a hinged 
flapper or baffle of a light gage metal, and con- 
nect the baffle to the measuring element of the 
instrument which may be a Bourdon spring, bel- 
lows or diaphragm. The force required to posi- 
tion the baffle against the nozzle is so. small that 
the “flea power” of a Bourdon spring is sufficient 
to actuate the baffle. This arrangement will now 
be used in the design of a simple pneumatic con- 
troller. 

Turning to Fig. 5A we note that the previous 
liquid level diagram has been altered to include 
an air operated control device and that the float 
arm motion is mechanically transmitted to the 
control unit. 

It would be well to point out that the float 
mechanism and recording pen arm can be con- 
sidered as the “measuring system” of the instru- 
ment. Once the variable has been measured bya 
recording mechanism, the motion of the pen arm 
can be used to operate the controller mechanism. 
Any instrument, whether it be for measuring 
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temperature, humidity, conductivity, pH, etc., will 
be found to contain two major parts; the measur- 
ing system and the controlling mechanism. Fig. 
5A purposely shows these units as separate as- 
semblies within the instrument. 


Let us now examine the assembly of the con- 
troller unit in detail. Supply air at 25 psi is in- 
troduced at the right hand side of the unit and 
is passed through an orifice marked “R,” thence 
to the nozzle on the left hand side of the panel. 
A branch from the nozzle line is connected to 
the diaphragm valve shown in the lower left hand 
corner. A baffle is located above the nozzle and is 
connected by linkages to the pen arm of the meas- 
uring system. Motion of the pen arm will cause 
the baffle to be raised or lowered and thus restrict, 
in varying amount, the flow from the nozzle. 


Assume that the pen arm is moved to the right. 
The baffle will be lowered causing the flow from 
the nozzle to be restricted. Since more air will 
feed through the orifice than bleeds from the 
nozzle, the pressure in the nozzle line will increase 
to 15 psi and cause the diaphragm valve to open. 
If the pen arm is moved to the left, the baffle 
will be raised and thus uncover the nozzle. More 
air will bleed out the nozzle than is admitted 
through the orifice, hence the pressure in the 
nozzle line will drop to 3 psi. The diaphragm valve 
will then be fully closed. 


At first glance this rather simple device ap- 
pears to answer our need for a modulating con- 
troller to position the diaphragm valve. Let us 
now place the unit in operation on the demonstra- 
tion panel. We will set the loading valves for a 
50 per cent load and observe the behavior of the 
system (Fig. 6). 

The process appears to be in a continuous cycle. 
The output air pressure from the controller is 
cycling from one extreme to the other and the 
recording pen is drawing a line first above and 
then below the red band. This action is identical 
to the response obtained by our friend in Problem 
“X” when he used the “on-off” type controller. It 
is evident that the process on the panel requires a 
control unit with greater proportioning action 
than is obtainable with the simple nozzle-baffle 
assembly. 


To produce a controller unit having a wide 
throttling action we must develop an entirely new 
type of mechanism. As a starting point, let us 
examine in detail the operation of the nozzle- 
baffle system to determine the factors responsible 
for the “on-off” action just experienced. 

Returning to the micrometer-nozzle assembly, 
we will find that for every setting of the clearance 

een the nozzle and stem there will be a cor- 
responding back pressure developed at the nozzle. 
For instance, if the clearance is 0.0005 in., the 

pressure will be 15 psi. Increasing the clear- 
ance to 0.001 in. will cause the back pressure to 
drop to 12 psi. By making a series of settings 
and noting the corresponding back pressures, a 


table can be prepared similar to that shown in 
Fig. 5B. 

Inspection of this table will reveal the reason 
for the lack of proportional action in the “on-off” 
unit. It will be noted that for very small changes 
mM nozzle-baffle clearance, such as changing the 
clearance from 0.0005 in. to 0.0015 in., will cause 
the back pressure to drop from 15 psi to 9 psi 


_ February 1954 








1s 
OUTPUT 12— 
PRESSURE a 
Psi — 
s— 
Z 
— 

° cc te 








Se: 


0.005 0.010 


Fig. 7—Nozzle-Baffle Clearance, Inches 


and in turn cause the controlling valve to move 
from the full open position to the 50 per cent open 
position. The valve has thus been moved through 
half of its stroke by a very slight motion of the 
baffle, in this case, one-thousandth of an inch. 


It can be readily understood that the linkages 
between the recording pen and the baffle must be 
entirely free of backlash or lost motion if the 
baffle is to be accurately positioned to match the 
position of the pen arm. In attempting to build 
such a linkage we would undoubtedly introduce 
friction because of tightly fitted pivots. As we 
sought to reduce the friction, the problem of lost 
motion would again appear. After building and 
rebuilding the linkage system, we would reach 
the conclusion that the scheme was impractical 
for a commercial type controller and would turn 
to some means of obtaining greater travel of the 
baffle to lessen the effects of lost motion. By in- 
creasing the baffle movement to 0.25 in., it would 
be possible to permit an accumulated lost motion 
of 0.001 in. with little effect upon the accuracy 
of the instrument. This scheme would permit the 
manufacture of linkages within practical toler- 
ances. 

Another fault in the “on-off” design is evident 
in the table under Fig. 5B. In the upper portion 
of the table it will be noted that a change in 
nozzle-baffle clearance of 0.0005 in. causes an out- 
put change of 3 psi while in the lower portion 
of the table a change of 0.0085 in. is required to 
produce an equal change in output. This repre- 
sents a 17 to 1 ratio in the rate of response. In 
other words, if output pressures were plotted 
against nozzle-baffle clearance, the resulting plot 
would be a non-linear curve as shown in Fig. 9. 

It is evident that such non-linearity cannot be 
allowed if the controller is to be truly proportional 
in its response. 

Further experimentation with the baffle mecha- 
nism would reveal that whenever the back pres- 
sure at the nozzle reached the upper limit, the jet 
effect from the nozzle would lift the baffle slightly 
causing an erroneous response in the action of 
the controller. To overcome such condition it 
would appear logical to limit the back pressure to 
a relatively low pressure such as 4 or 5 psi. 

As a final step in our analysis, we would in- 
vestigate the capacity of the “on-off” device to 
furnish air to a large diaphragm valve. It would 
be found that the orifice employed to restrict the 
flow of air to the nozzle also limits the quantity of 
air delivered to the valve. The rate of output 
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flow to the valve being slow, the response of the 
controlling valve will be sluggish. Since many 
installations require rapid valve action, it would 
be necessary to use some form of booster air valve 
to achieve the desired response. 

Summarizing the foregoing investigation, the 
design of a truly proportional controller should, 
therefore, include the following features: 


(1) The baffle should have a total movement 
of at least 0.25 in. to compensate for lost motion 
in the linkages. 

(2) The output pressure should change pro- 
portionally with the movement of the baffle since 
its position corresponds directly with the position 
of the pen on the chart. 


(3) The nozzle back pressure should be low (a 
maximum of 4 or 5 psi) to improve the linearity 
of response and to minimize deflection of the 
baffle. 

(4) The controller should have ample output 
capacity to rapidly inflate large diaphragm valves. 

As a starting point in the design of an im- 
proved controller, let us investigate the action of 
a small diameter nozzle when operated under low 
back pressures. Choosing a nozzle diameter in 
the range of from 0.020 to 0.030 in. and a suitable 
restricting orifice of approximately 0.011 in., we 
can, by experiment, plot back pressure versus 
nozzle-baffle clearance as follows: 
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Fig. 8—Nozzle-Baffle Clearance 


It is evident from the plot that the response 
curve is far more linear than that obtained with 
the previous design wherein the full range of 3 
to 15 psi was impressed upon the nozzle. As a 
matter of academic interest, it should be pointed 
out that the greater linearity is due to the use of 
an extremely small pressure change; that is, the 
smaller the increment of change, the nearer the 
response will approach straight line performance. 
It appears, however, that we are now dealing with 
extremely small changes in the nozzle-baffle clear- 
ance since the total change represented on the 
chart is only 0.002 in. Naturally, such minute 
movement cannot be tolerated if the action of the 
controller depends solely on the clearance change, 
but as the design continues, we will discover that 
such small deviations can be used advantageously. 


To make use of the improved linearity of the 
low pressure nozzle, yet provide the desired air 
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pressure range to the control valve, we conclude ¥ 
that an amplifier or air relay is required to trans. _ 


form the nozzle impulse of 2 to 4 psi into an output 
range of 3 to 15 psi. The basic design of a typical 
air relay is shown in Fig. 9. 


Supply air is admitted to the relay on the right 
hand side as indicated by the red air tube. The 
line is split to feed two branches, first an upper 
branch to the orifice, and second a lower branch 
to the air valve. The orifice serves to restrict the 
flow of air to the nozzle as in the previous de. 
signs, but in this case, the air line leaving the re. 
stricting block, indicated by the yellow air tube, 
branches out to feed both the nozzle and a small 
bellows located below the air valve. A pusher pin 
is attached to the top of the bellows so that any 
change in nozzle back pressure will cause the pin 
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Fig. 9—Air Relay—A decrease in nozzle pressure causes 
an increase in output pressure. 


to rise or fall in accordance with the bellows pres- 
sure. The motion of the pin positions a small ball 
between the two seats, the upper seat being the 
supply port, and the lower seat acting as an ex- 
haust port. As the ball assumes a position be- 
tween the two seats, a given amount of air will 
flow in the supply port and a corresponding 
amount will flow from the exhaust port. The re- 
sulting pressure created in the valve chamber will 
vary with the position of the ball, hence this pres- 
sure can be utilized as the output from the relay. 
An air tube, colored blue, is shown connecting the 
air valve chamber with the final control valve and 
this line can be labelled as the “output” from the 
air relay. The capacity of the supply and ex- 
haust ports can be made sufficiently large to meet 
the demand for rapidly filling a large diaphragm 
chamber. 


It is apparent from Fig. 9 that the relay offers 
a relatively simple device for converting the small 
impulse received from the nozzle to an output pres- 
sure of the desired magnitude. A plot combining 
the characteristics of the low pressure nozzle and 
relay is shown in the following chart. 
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Nozzle-Baffle Clearance 
Fig. 10—Plot for Low Pressure Nozzle Plus Air Relay 


The improved linearity of response as obtained 
with the low pressure nozzle plus the relay will 
assist greatly in the final performance of the pro- 
portional controller we are about to design. 

Recalling that one of the major requirement 
is to allow a baffle movement of 0.25 in., it may be 
confusing to many how such movement can be 
permitted if the nozzle-baffle clearance is to be 
held within a range of 0.002 in. The design of 
the nozzle system will, therefore, be approached 
from an entirely different principle. We will 
abandon the previous scheme of using baffle clear- 
ance to proportion the controller output, and now 
utilize the position of the baffle as a means of 
achieving the same result. If the nozzle could be 
made to travel through a given distance, and the 
travel made proportional to the output pressure 
of the instrument, it could be conceived that by a 
suitable mechanical arrangement, the baffle could 
be moved a total distance of 0.25 in., yet the nozzle 
would always maintain a slight clearance with 
the baffle. The minute clearance changes noted 
in the performance of the low pressure nozzle now 
become useful in the new scheme since by utilizing 
an air relay, the slightest change in baffle clear- 
ance will result in an immediate change in output 
from the relay. The problem now becomes one of 
converting output pressure change into propor- 
tional motion of the nozzle to cause it to seek out 
the position of the baffle. 

A ready means of transforming pressure 
changes into motion can be obtained through the 
use of a bellows opposed by a spring. It will be 
found that by increasing or decreasing the pres- 
sure within the bellows, the motion of the free 
end of the bellows will be proportional to the pres- 
sure change imposed on the bellows. We will now 
design a system of mechanical linkages to cause 
the bellows motion to position the nozzle and ap- 
ply this mechanism to a proportional controller. 

Turning to Fig. 12A, the application of the fore- 
going principles can be seen incorporated in a con- 
troller unit that will produce linear and propor- 
tional action for every position of the baffle. A 
description of the operation of this device will 
clarify the application of principles. 

Pen motion from the recorder system is trans- 
mitted to the baffle by a connecting link shown 
In the upper left hand portion of the sketch. A 
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pivoted lever is shown to lift or lower the baffle 
through a distance of 0.25 in. as the pen traverses 
the full width of the chart. Below the baffle, a 
nozzle is shown to rotate about a pivot thus pro- 
viding continuous alignment with the baffle. The 
back pressure created by the nozzle is carried to 
the air relay at the right of the sketch and as 
described in the previous discussion, an instant 
change of output pressure is created by the slight- 
est change in low pressure impulse from the 
nozzle. The air output from the relay is split, 
one line constituting the output from the instru- 
ment, and the other furnishing air to bellows “X.” 
Note that a spring is located opposite the bellows 
to provide a movement proportional to the change 
in output pressure. The bellows and spring have 
been designed for a total travel of one-half inch 
when the output from the instrument changes 
from 3 to 15 psi. Lever “T,” pivoted at its upper 
extremity, is so arranged that any change in posi- 
tion of the bellows will be transmitted to the nozzle 
unit by means of adjustable link “S.” With this 
link set in the extreme lowered position (point L), 
the bellows motion of one-half inch will cause the 
nozzle to move 0.25 in. It becomes obvious then, 
that for every value of output pressure, there is 
a definite and corresponding position of the nozzle. 


Emphasis can now be placed on the action of the 
low pressure nozzle system wherein a very slight 
change in baffle clearance will cause an instantane- 
ous change in relay output. As we place the 
baffle in the midposition of its 0.25 in. travel 
and turn on the air supply to the instrument, the 
extreme clearance existing between the nozzle and 
baffle will cause the output pressure to rapidly 
climb to 9 psi and thus force bellows “X” to ex- 
pand to its midposition of travel. This motion, 





Fig. 11 
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transmitted through link “‘S” will cause the nozzle 
to move to its midposition of travel and thereupon 
establish a clearance with the baffle of 0.004 in. in 
accordance with the chart shown on page 48. It 
should be noted that the slightest deviation from 
the 0.004 in. clearance will cause an immediate 
change in output and thereby produce corrective 
action through the bellows and linkages to reset 
the nozzle. For any other position of the baffle, 
a corresponding output pressure will be obtained 
which will position the nozzle at the prescribed 
distance from the baffle. 


AUTOMATIC CONTROLLER WITH PNEUMATIC PROPORTIONING ACTION 


 & LINK FROM RECORDER PEN 
— 


ee BAFFLE LOW PRESSURE TO NOZZLE (2 TO 4 PSI) 
at ee 
pe we 
ee 








Uj 


; oy id {PRA LINK SET FOR AIR 
4 o e\ TR. = 6% (HI 7 RELAY 
4 *) (HIGH SENSIT.) 
seT ‘ 
‘ 5 
ee y 


POINTER wera.8 $ 














LINK SET FOR 
T T.R. = 100% (L) 
(LOW SENSIT.) 


“yer 


Conuniih cies sup (7) 


AIR SUPPLY 














— 
OUTPUT TO VALVE 
(3 TO 15 Psi) 
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Fig. 12B—Controller Operation with Link Set for 
Throttling Range = 100% (Proportional Band). 


We are now ready to place the proportional 
controller in operation on the demonstration panel 
(see Fig. 11). The pen arm of the recorder is 
linked to the baffle unit, supply air is admitted 
to the relay and the output line is connected to 
the controlling valve. Setting link “S” in the ex- 
treme lowered position to produce a throttling 
range of 100 per cent, we will now investigate the 
proportional response of the new device. 


Setting the recording pen at “O” on the chart, 
the output from the controller becomes 3 psi and 
the control valve is fully closed. With the pen arm 
set at “50” on the chart, the output reaches 9 psi, 


50 








chart, the output increases to 15 psi and the egy. 
trol valve is fully open. For any other position 
of the pen on the chart, the output pressure wif 
become a corresponding and proportional valye 
(see table under Fig. 12B.) A review of the op 





and finally as the pen is moved to “100” on the ; 






















eration of the purely mechanical controller shows 
in Fig. 12A reveals that the new device produces 


identical response to a change in pen setting; that 4 


is, to move the pen across 100 per cent of the chart 
will cause the control valve to move from the 
closed to the open position. 


The process on the panel will now be placed jn 
operation, and by setting the loading valves at 59 
per cent load, it will be observed that the con. 
troller will create an output pressure of 9 psi to 
open the control valve to its 50 per cent flow rate, 
The process will thus attain a condition of stable 
control and remain there as long as the load does 
not change. If we increase the load to the 75 per 
cent value, the level in the tank will drop, the pen 
will move to “75” on the chart, the baffle will as. 
sume a new position and we will find the output 
pressure registering 12 psi causing the valve to 
reach its 75 per cent flow value. The process is 
again at balance, but not at the desired control 
point of “50” on the chart. Thus it is demon- 
strated that any proportional type controller, re 
gardless of the simplicity or complication of de 
sign, will follow the same pattern; that is, to cor- 
rect for a change in load on the process, the meas- 
ured level must rise or fall to provide corrective 
action to the control valve. 


At this point, it may be confusing to many per- 
sons that in view of the lengthy development of 
the parts for the pneumatic controller, its opera- 
tion, in principle, is no better than the simple float 
valve shown in Fig. 12A, and justification should 
be shown for the complication in design. In an- 
swer, let us recall that from the outset it was de 
sired to operate large valves from small impulses 
generated by a Bourdon spring or similar device. 
The controller unit now in operation of the panel 
not only fulfills those requirements but allows for 
far greater adjustability than did the mechanical 
leverage of the float valve. A new control point 
can readily be established by merely moving the 
set pointer of the controller. The throttling range 
or sensitivity of the instrument can be easily 
altered by moving the link “S” to a new position 
on th arm “T.” 


To demonstrate the usefulness of the latter ad- 
justment, let us move the link to midposition. It 
will be observed that the pen now traverses only 
50 per cent of the chart to produce the full output 
change of 3 to 15 psi. To reduce the amount of 
offset with a change in load on a process we may 
wish to reduce the throttling range to the very 
minimum on the instrument, such as placing link 
“S” in its uppermost pesition to produce 6 per cent 
throttling. If the process has favorable control 
characteristics, this setting may overcome the 
difficulties of offset since a very slight motion of 
the pen is ample to reposition the valve to a new 
flow rate. If the process is of a more difficult type 
such narrow throttling will be undesirable. Asan 
example, let us investigate the influence upon con- 
troller settings as established by the process. 


To be concluded next month. 
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Readers Comments ou the new 7S 44 Journal... 


Here are a few brief quotes from letters revealing the 
reactions of some of our readers to Volume 1, Number 1 
of the ISA JOURNAL. The Society’s first President says: 


“Let me express my thanks to the staff of the ISA 
JOURNAL and to the Executive Committee for making a 
reality of a dream that I have had since the day I first 
became an officer of ISA. I knew we would have many 
growing pains and would have to learn to crawl before we 
could walk, but I have looked forward to our own publica- 
tion as the first symbol of maturity. I could not help the 
feeling of pride when I looked at the first issue ... When 
I think of the difficulties that you have had in getting your 
staff together on short notice, in contacting advertisers, 
and putting together the first format, it seems almost 
miraculous that you accomplished what you did. It bodes 
well for the future of the magazine... 

A. F. Sperry, President, 
Panellit, Inc. 


“Sincere congratulations . . . the layout, printing and 
arrangement make the magazine most readable .. . it will 
grow in popularity and carry a good profitable volume of 
advertising.” 

Chas. L. Saunders, 
Saunders, Shrout & Associates 


“Hearty congratulations . . . was actually thrilled at 
studying the content and format of your ‘new baby’.” 
James R. Irving, Director, 
Public Information 


Scientific Apparatus Makers Assn. 


“Congratulations on magnificent first issue . . . Los 
Angeles Section proud to be a part of this initial venture 
and looks forward to continued success.” In a wire from 
Orton Wisegarver, President, Los Angeles Section. 

“A first rate publication . . . congratulations.” 

John G. Fleming, Product Planning Megr., 
The Bristol Company 


“It is all the more remarkable and praiseworthy an 
accomplishment in view of the staggering tasks imposed by 
the necessity of launching the JOURNAL months ahead 
of original schedule.” 

James E. Overall, Instrument Engineer, 
Union Bag & Paper Corp. 


“Everyone certainly put their shoulder to the wheel 
to bring the first issue out on time and in good form.” 
Everett S. Lee, Editor, 
General Electric Review 


“Have just seen the first issue . . . very much im- 
pressed .. . send me immediately advertising space costs.” 
William A. Bishop, Vice President, 
W. N. Gates Company 


“Knowing some of the problems . . . congratulations 
+++ @ job well done.” 
L. D. Cipriano, Engineer, 


Monsanto Chemical Company 


“The new ISA JOURNAL .. . indicates that ISA has 
now grown up.” 

M. B. Hall, 

Director, Training & Education Div., 


The Foxboro Company 


“The cover is outstanding . .. the color and layout is 
very good... the inside... is way better than the average 
run of technical publications I see from time to time. 
Your layout, composition and color work are all very 
good.” 

William J. McAfee, 
The Alling & Cory Company 


“All of you that participated in this sizeable venture 
are to be highly complimented, more especially because 
such an impressive beginning was made by so many per- 
sons that have other regular daily duties.” 

H. F. Rondeau, Engineer-Research Lab. 
American Meter Company 


“Extremely delighted with the first issue of the ISA 
JOURNAL ... exceeded my most optimistic hopes .. . 
really a wonderful job. . . all deserve high praise.” 

Robert L. Galley, Engineer, 
North American Aviation, Inc. 


“Will the ISA JOURNAL be available to non-members? 
. would like further information . ' 
C. K. Boardman, Research Librarian, 
Thomas A. Edison, Inc. 


“Expressing my own opinion as well as that of several 
of my associates, when I say that the material was well 
chosen and excellently put together.” 

H. H. Johnson, Engineer, 
Consolidated Edison Co. of N. Y. 


“Please enter the Library’s name on the mailing list of 
the ISA JOURNAL.” 
Russell F. Barnes, Librarian, 
James Jerome Hill Reference Library 


“We here in Middletown feel that the format and 
printing are an excellent frame for the completely in- 
teresting editorial matter. The magazine is a publication 
of which the ISA may be justly proud.” 

Joseph O’Connor, President, 
Kieley and Mueller, Inc. 


“Congratulations . . . for beginning a publication of 
which the ISA can be really proud . . . We anticipate in- 
creasing our advertising in this excellent, new Journal .. .” 

Norman Lieblich, General Sales Mgr. 
Kieley and Mueller, Inc. 

Advance registration will be required. Any number of 
sessions, up to five, may be attended. The sessions on each 
instrument will be small and will be repeated up to a maxi- 
mum of five times. For registration forms and further 
information write to Dr. Axel H. Peterson, Mellon Institute, 
4400 Fifth Avenue, Pittsburgh 13, Pennsylvania. 
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HE Instrument Society of America will stage the First International 
Instrument Congress and Exposition with the cooperation of the following 


scientific and professional groups: American Institute of Chemical En- 


gineers, Division of Chemical Processing Equipment and Instrumentation; 


American Institute of Electrical Engineers, Instruments and Measurements 


Committee; American Institute of Physics; American Microscopical So- 
ciety; American Society of Mechanical Engineers, Instruments and Regu- 
lators Division; American Society of Photogrammetry; Institute of Radio 
Engineers, Professional Group on Instrumentation; Society of Experi- 
mental Stress Analysis; and the Symposium on Micro-Analyses and Micro- 
chemical Instrumentation. 


*A limited number of booths are still available, and interested companies are invited 


to address inquiries to the Instrument Society of America, attention: Richard Rimbach 
Managing Director, First 


International Instrument 


Ridge Avenue, Pittsburgh 12, Pa. 


The list of exhibitors already includes: 


Aviation Engg. Div. 


Bacharach Industrial Instr. Co. 


Bailey Meter Co. 
Baird Assoc., Inc. 
Process Controls Div. 
Baker Co. 
Baldwin-Lima-Hamilton Corp. 
Barber-Co!man Co. 
Barksdale Vaives 
Barton Instr. Corp. 
Arnold O, Beckman, Inc. 
Beckman Instr. Inc. 
Bendix Products Div. 
Bendix Aviation Corp 
Benson-Lehner Corp. 
Berkeley Scientific Div. 
Beckman Instr. Inc. 
James G. Biddle Co. 
J. Bishop & Co. Plat. Wks. 
Black, Sivalls & Bryson 
Biudworth Marine Div. 
Nat.Simplex-Bludworth 
Bodnar Industries, Inc. 
Bourns Labs 
Bowser, Inc. 
Brailsford Co. 
Cc. A. Brinkmann & Co. 
Bristol Co. 
Brookfield Engg. Labs 
Brooks Rotameter Co. 
Brush Electronics 
Buffalo Meter Co. 
Buildevs-Providence, Inc. 
Burgess Battery Co. 


Burling Instruments 

Central Scientific 

Century Geophysical Corp. 

Chapman Labs. 

Chemiquip Co. 

Cc. P. Clare Co. 

Commercial Research Labs. 

Commissarriat a l’Energie 
Atomique 

Computer Engg. Assoc. 

Conax Corp. 

Conoflow Corp. 

Consolidated Engg. Corp. 

Consolidated Swedish Exhibit 

Continental Equip. Co. 

Control Engg. Corp. 

Control Products, Inc. 

Cosa Co. 

R. W. Cramer Co. 

Crawford Fitting Co. 

Crescent Insulated Wire & 
Cable 

Crosby Steam Gage & Valve 

George W. Dahi Co. 

Daven Co, 

Davies Laboratories, Inc. 

Davis Instr. Div. 


Davies Emergency Equip. Co. 


Daystrom Instr. 

Delaware Valley Engg. Co. 
Deltavis Co. S. A. 

Device Engg. Co. 
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Eigin Metalformers Corp. 

Ellison Draft Gauge Co. 

A. H, Emery Co. 

Energy Contro! Corp. 

Ess Instr. Co. 

Esterline-Angus Co. 

Evershed & Vignoles, Ltd. 

Falstrom Co. 

Farris Engg. Corp. 

Fenwal, Inc. 

Fie'den Instr, Div. 
Robertshaw-Fulton Cont. 

Fischer & Porter Co. 

Fisher Governor Co. 

Flexonics Corp. 

Foster Engg. Co. 

Foxboro Co. 

Geo. E. Fredericks Co. 

French Expositions in the U. 8. 

Fulton-Sylphon Div. 
Robertshaw-Fulton Cont. 
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Gaertner Scientific Corp. 
General Electric Co. 
General Mills, Inc. 

Gen. Precision Lab. Inc. 
Genisco, Inc. 


G. M. Giannini & Co. Inc. 


Claud 8. Gordon Co. 
Goodyear Aircraft Corp. 
Gow-Mac Instr. Co. 
Gray Instrument Co. 
Grayhill 

Green Instr. Co. 

W. & L, E. Gurley Co. 
Wm. J. Hacker & Co. 
Hammel-Dahi 

Hankison Corp. 
Hathaway Instr. 

A. W. Haydon Co. 
Hays Corp. 

H-B Instr, Co. 

Helland Research Corp. 
Heise Bourdon Tube Co. 
Karl Heitz, Inc. 
Hertner Elec. Co. 
Hetherington & Berner 
John Hewson Co. 

High Voltage Engg. Corp. 
Hills-McCanna Co. 
Hoke, Inc. 
Holger-Andreasen, Inc, 
Hughes Aircraft Co. 
Hygrotester, Inc. 
Iilinois Testing Labs. 


ISA Jom 












ere eeeSsEece 


é 











Vin 


in the Philadelphia Commercial Museum and Convention Hall. 


purchase of Space for the 


TERNATIONAL INSTRU MEN 
AND GAPUMTTL 


The technical sessions 


begin on September 13th and end on September 24th. 
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The Exposition will open on September 15th and end on September 22nd (closed on 


Sunday). 


net exhibit area of 57,000 sq. ft. 


imperial Brass Mfg. Co. 
Industrial Engg. Corp. 
Industrial Instr. Corp. 
Industrial Labs. Publishing 
Industrial Pyrometer & Supply 
Industrial Timer Corp. 
Industro! Corp. 
Instrof, Inc. 
Instron Engg. Corp. 
Instrument Lab Service 
Instruments, Inc. 
Instruments Publishing Co. 
International Equip. Co. 
darrell-Ash Co. 
verguson Gage & Valve 
Jordan Reg. Corp. 
Karn Chemical Equip. Co. 
W. A. Kates Co. 
Kearfoot Co. Inc. 
C. M. Kemp Mfg. Co. 
Kepco Labs. 
Kleley & Mueller, Inc. 
Padrew King 
Kyberneter Corp. 
Lambda Electronics 
Landis & Gyr, Inc. 
Lapp Insulator Co. 

& Northrup Co. 
Leslie Co. 
Librascope, Inc. 
Liquidometer Corp. 
Liston Becker Instr. Co. 
Arthur D. Little Co. Inc. 
4. E. Lonergan Co. 
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Lord Mfg. Co. 

Magnafiux Corp. 

Magnetics, Inc. 

Magnetrol, Inc. 

Manning, Maxwell & Moore 

Marine & Ind. Prod. Co. 

Mason-Neilan Reg. Co. 

Matisa Equipment Corp. 

M-B Mfg. Co. Inc, 

McAlear Mfg. Co. 

Measurements Corp. 

Mercoid Corp. 

Meriam Instr. Co. 

Metrotype Corp. 

Microtime Labs 

Midwestern Geophysical Lab. 

Wm. Miller Instruments 

Miiton Roy Co. 

Mine Safety Appliances 

Miniature Precision Bearings 

Minneapolis-Honeywell Reg. 

John R. Monsell 

Moore Products Co. 

Samuel Moore Co. 

Murphy & Miller, Inc. 

Nash Engg. Co. 

National Bureau of Standards 

National Instr. Labs. Inc. 

New Hampshire Ball Bearings, 
Inc. 

New Hermes Engraving Mach. 

Norcross Corp. 

North American Aviation 

North American Philips 


Nuclear Development Assoc. 
Inc. 

Nuclear Instr. & Chem. Corp. 

Nuclear Research Corp. 

Offner Electronics, Inc. 

Optical Film Engineering 

Palmer Thermometer 

Paneillit, Inc. 

Parker Appliance 

Passaic Analytical Labs. 

Penberthy Injector Co. 

Penn Industrial Instr. 

Perkin-Elmer Corp. 

Permutit Co. 

Polymer Corp. of Penna. 

Potter Aeronautical Co. 

Potter Instr. Co. 

Precision Scientific 

Production Instr. Co. 

Proportioneers, Inc. 


Publishers Auth. Binding Serv. 


Radio Corp. of America 
Rapid Electric Co. 
Raytheon Mfg. Co. 
Reinhold Publishing Co. 
Reliance Electric & Engg. 
Republic Flow Meters Co. 
Republic Mfg. Co. 
Research Controls 

Rich Seifert Co. 

Roanwell Corp. 

Robinson Aviation, Inc. 
1. E. Robinson Co. 
Rochester Mfg. Co. 





An attendance of 25,000 is anticipated. 


Rockwell Mfg. Co. 
W. S&S. Rockwell Co. 
Rodon, Inc. 
R-S Products Corp. 
Rubicon Co. 
Sanborn Co. 
Schutte & Koerting Co. 
Scientific Instr. Mfg. Ass’n 
Servo. Corp. of America 
Shalicross Mf. Co. 
Sheffier Gross Co. 
Sherman Electric Co. 
Sigma Instruments, Inc. 
South Bend Lathe Works 
Specialized Instr. Corp. 
Special Screw Products 
Standard Elec. Time Co. 
Herman H. Sticht Co. 
Streeter-Amet Co. 
Superior Elec. Co. 
Surprenant Mfg. Co. 
Swartwout Co. 
Swiss Jewel Co. 
Taller & Cooper, Inc. 
Taylor Dynamometer & Mach. 
Co 


Taylor Instr. Companies 
Technical Charts, Inc. 
Technifiex, Inc. 

Tektronix, Inc. 

Telechron Dep't. Gen. Elec. 
Telecomputing Corp. 
Tenney Engg. Inc. 

Tesa S. A. 


The show already has received reservations from 319 companies representing a 


Thermco Laboratories 
Thermo Electric Co. 
Arthur H. Thomas 
Thwing-Albert Instr. Co. 
T.0.B.1. (Technisch Ontwik- 
kelings Bu. voor Instru- 
mentatie N. V. 
Tracerlab 
Trimount Instr. 
Trinity Equipment Co. 
Uehling Instr. Co. 
Unicam Instruments, Ltd. 
Unistrut Products Co. 
Vacuum Electronic 
Vapor Recovery Systems 
Varian Associates 
Veeder-Root, Inc. 
Victory Engg. Corp. 
Viking Instruments, Inc. 
Wallace & Tiernan Prod. 
Ward Leonard Elect. Co. 
Waterman Products Co. 
Waxon Carboff, Inc. 
Weatherhead Co. 
Webber Mfg. Co. 
W. M. Welch Mfg. Co. 
West Instr. Corp. 
Weston Electrical Instr. 
John C. Whiddett Co. 
S. S. White Dental Mfg. Co. 
Industrial Div. 
Wiancko Engineering Co. 
Yarnall-Waring 
N. Zivy & Co. 8, A. 



























INDEPENDENCE HALL WHERE DECLARATION OF INDEPENDENCE WAS SIGNED; SITE OF ISA CONGRESS AND EXPOSITION 


Iu Plhiladedphia 


YOU’LL SEE MORE IN ’54 


HILADELPHIA Section, hosts to the IN- 

STRUMENT SOCIETY OF AMERICA’S First 
International Instrument Congress and Exposition 
to be held from September 13 through 24, 1954, is 
already hard at work in making definite plans to 
assure its success. 


As many as 20,000 persons engaged or in- 
terested in instrumentation are expected to attend 
the greatest of all Instrument Shows. Invita- 
tions which have been translated into French, 
German, Portugese and Spanish are being dis- 
tributed throughout the civilized world. Among 
the expected attendance will be about 2000 instru- 
ment users from the Pan American countries and 
another 1000 from the free countries of Europe. 


For the reception and counseling of the visitors 
to the Congress and Exposition the hosts have 
planned many conveniences and facilities. In fact, 
all arrangements for the welfare of the visitors 
will be made to permit more concentration on their 
specific interests in the Congress and Exposition 
without loss of time. These time-saving facilities 
will also enable visitors to find more time for 
sightseeing and visiting in the Philadelphia area. 


Philadelphia, considered by many as the heart 
of the instrument industry, offers much of interest 
to the Congress and Exposition visitor. In his 
spare moments he can see the Liberty Bell, Inde- 
pendence Hall, Carpenter’s Hall, the Betsy Ross 
House and other Revoluntionary War and Colonial 
originals. 


He can also see the U. S. Mint, the Navy Yard, 
the plant where the atomic cannon was built, a 
factory where jet aircraft engines are made, the 
Budd plant producing glistening streamlined rail- 
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road cars, the Baldwin locomotive Works, the 
Philco and RCA television factories, and scores of 
other industrial giants. 


In the art and sciences Philadelphia has much 
to offer the visitor. The Philadelphia Museum of 
Art is ranked one of the world’s best, and the 
Franklin Institute is alone in its field. The Fels 
Planetarium is one of the nation’s great displays. 


The city will be the Instrument Capital of the 
world during the ISA First International Instru- 
ment Congress and Exposition. This fast grow- 
ing metropolis has something in store for every 
visitor who cares to review a part of America’s 
past, and as well to see more clearly into its future. 


Here are some of the facilities that have been 
planned to make the visitor’s attendance at the 
INSTRUMENT SOCIETY OF AMERICA’S First 
International Congress and Exposition a highly 
profitable investment in his time and knowledge. 


Congress and Exposition Business Office. 
Interpreters’ Pool. 
Information Desk. 

Message Center and Meeting Place for 
appointments. 
Housing Bureau. 
Press Bureau. 

Writing and Consultation Rooms, and 
Foreign Visitors’ Lounge. 
Travel Bureau. 

Post Office, telephone and telegraph. 
Parcel and clothing check rooms. 
Cafeteria and Lunch Rooms. 
Automobile Parking facilities. 
Product Information Bureau. 
Public Stenographers. 





Import and Export Advisory Bureau. 


ISA Journal a. 
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The ISA sponsored First International Instrument Con- 
gress & Exposition, to be held at the Commercial Museum, 
Convention Hall, Philadelphia, September 13-14, 1954, will 
include technical sessions of the following cooperating 
societies : 
American Institute of Chemical Engineers, Division of 
Chemical Processing Equipment and Instrumentation. 
American Institute of Electrical Engineers, Instruments 
and Measurements Committee. 
American Institute of Physics. 
American Microscopical Society. 
American Society of Mechanical Engineers, Instruments 
and Regulators Division. 
American Society of Photogrammetry. 
Institute of Radio Engineers. 
Professional Group of Instrumentation. 
Scientific Apparatus Makers Association. 
Society for Experimental Stress Analysis. 
A Symposium on Micro Analysis and Micro-Chemical In- 
strumentation will be arranged by the following societies: 
Metropolitan Micro-Chemical Society of New York. 
Analytical and Micro-Chemical Group, Philadelphia Sec- 
tion, American Chemical Society. 
Affiliated Group of Analytical Chemists, Delaware Section, 
American Chemical Society. 
South Jersey Section, American Chemical Society. 
International Electrotechnical Commission. 
Deutsche Gesellschaft Fuer Chemisches Apparatewesen. 
Verein Deutscher Ingenieure. 


The ISA is planning 50 technical sessions where some 
150 papers will be presented in addition to an Instrument 
Maintenance Clinic. 


Detailed information concerning the various technical 
sessions and clinic will be reprinted in later issues of the 
ISA Journal. 


Exhibits are being planned by 320 manufacturers. Orig- 
inally 634 exhibit booths, representing a net exhibit area of 
60,300 square feet, were laid out and of these only 30 remain 
to be rented. To take care of the expected demands for 
exhibit space, 120 additional booths have been laid out. 

Be sure to make your hotel reservations early. The 
hotels, which are cooperating with the Instrument Society 
of America’s Congress and Exposition are listed below: 


TRUMENT SOCIETY SHOW NEWS 






PLANS FOR THIRD ANNUAL 
ANALYTICAL CLINIC ANNOUNCED 


HE Instrument Society of America announces plans 


for the Third Annual Analytical Instrument Clinic to 
be held in conjunction with the First International Instru- 


ment Congress and Exhibit to be held in Philadelphia, Sep- 
tember 13-24, 1954. The Clinic will be held on September 
13, 14 and 15. 


The Clinic is a lecture and demonstration course on the 
latest and most advanced analytical instruments. The 
Clinic is planned for technicians, engineers, physicists, and 
chemists who are using or contemplate using these instru- 
ments. It will be especially valuable for graduate students 
in chemistry and physics. 

The participating companies and the instruments to be 


demonstrated are: 


X-Ray Quantometer.................. Applied Research Laboratories 
Littrow-Echell 
Spectrograph... ....Bausch and Lomb Optical Company 


Infrared Spectrometer.................... Beckman Instruments, Inc. 
Infrared Analyzer... --...------Company to be announced 
Ion Resonance Spectrometer......... General Electric Company 
Process Monitor Mass 

Spectrometer........... Consolidated Engineering Company 
Nuclear Magnetic Resonance 


Spectrometer ..... ........Warian Associates 


The three-hour session on each instrument will be con- 
ducted by two or more experts and will cover the theory 
of the instrument, electronic, optical and mechanical design 


features as well as details of applications. 


Double Twin Bedded Suites 
$ 9.00-$10.50 $ 9.50-$12.50 $25.00 
$10.00-$15.00 $20.00-$30.00 
$20.00-$24.00* 
$10.00 $12.00 $25.00 





Hotel Location Single 
Adelphia 13th & Chestnut St. $6.00-$6.50 
mY Barclay 18th & Rittenhouse Sq. 

John Bartram Broad & Locust Sts. $6.00 

Bellevue-Stratford Broad & Walnut Sts. $4.50** 

$7.00-$8.00 

Benjamin Franklin Chestnut at 9th St. $6.50-$8.00 

Drake 1512 Spruce St. 

Essex 13th & Filbert Sts. $5.00-$6.00 

Normandie 36th & Chestnut Sts. $4.00** 

Penn-Sherwood 3900 Chestnut St. $5.50-$6.00 

Ritz-Carlton Broad at Walnut St. 

Robert Morris 17th & Arch Sts. $5.00 

St. James 13th & Walnut Sts. 

Sylvania Locust off Broad St. $7.00-$7.50 

Walnut Park Plaza 63rd & Walnut Sts. 

Walt Whitman Camden, N. J. $5.50 

Warwick 





se February 1954 


*Combination—2 rooms, 1 bath connecting. 


Locust at 17th St. 


2 to 4 persons. 


**Running water. 


$10.00-$11.50 
$ 9.50-$12.00 


$ 8.00 
$10.00 


$ 5.00** 
$ 7.00 


$ 9.00-$10.00 


$ 7.50-$ 8.00 
$ 7.00-$ 9.00 
$15.00*** 

$ 9.00 

$ 8.50 


$11.00-$15.00 
$13.00-$15.00 


$10.00 
$10.50-$12.00 
$ 8.00 


$10.00-$12.00 
$13.00-$16.00 
$ 8.00 

$ 7.00-$10.00 
$10.00-$12.00 
$10.00 

$11.00-$12.00 
$11.00-$15.00 


$20.00-$30.00 
$20.00 
$20.00* 
$16.00 
$30.00 
$10.50-$12.00 


$15.00-$26.50 
$20.00-$35.00 


$12.00-$15.00 
$20.00 
$14.00 
$17.50 
$22.00-$30.00 


***3 individual beds with bath. 
















































ALBUQUERQUE 
Stuart C. Hight, Sandia Corporation. 
ARK—LA—TEX 
Charles F. Barnard, Interstate Oil Pipe Line 
Company. 
Henry Herman Batchelor, Libby-Owens-Ford 
Glass Company. 
Edward F. Blanchard, United Gas Corpora- 
tion. 
Jay B. 
Corp. 
E. T. Buckley, United Gas Corporation. 
George Standley Buckner, Commercial Sol- 
vent Corporation. 
Bill H. Coates, Minneapolis-Honeywell Regu- 
lator Company. 
Al Cone, Lion Oil Company. 
William F. Cummer, United Gas Corporation. 
Michael G. Dalich, Commercial Solvents 


Corp. 
Wiley Gerald Davis, Pan-American Southern 
Corp. 
J. S. Dishman, Jr., H. L. Hunt Company. 
Albert Cecil Doyle, Black, Sivalls & Bryson, 


Ine. 

H. B. Godwin, Consolidated Vultee Aircraft 
Corporation. 

I. B. Ingram, Brown Paper Mill Company, 


Inc. 

Lloyd Manning, Universal Oil Products Com- 
pany. 

Lovin A. McElwee, United Gas Corporation. 

Willie E. McGough, The Brown Paper Mill 
Company, Inc. 

H. F. McGowen, Jr., United Gas Corpora- 


Blauvelt, Texas Gas Transmission 


tion. 
Billy Boyd McWorter, Texas Gas Transmis- 
sion Corporation. 
William Matthew Moore, 
poration. 
Daniel C. Nettuno, Day & Zimmermann, Inc. 
Edwin C. Palin, Day & Zimmermann, Inc. 
A. W. Roberson, Day & Zimmermann, Inc. 
Ray L. Rountree, United Gas Pipe Line Co. 
Clarence (West) Scott, International Paper 
Company. 
Thomas W. Scott, United Gas Corporation. 
James C. Simpson, Texas Gas Transmission 


United Gas Cor- 


Corp. 
James Milton Snell, Southland Paper Mills, 
Inc. 
Charles L. Taylor, Atlas Powder Company. 
Willard Toney, Crossett Paper Mills. 
A. H. Van Loan, Jr., Frederic & Baker, Inc. 
Harold A. Williams, Texas Eastman Com- 


pany. 

N. E. Wisdom, H. L. Hunt Company. 

Robert Frankin Woodhead, Commercial Sol- 
vents Corporation. 

BALTIMORE 

Donald McKinlay, H. P. Rodgers. 

BIRMINGHAM 

James Thomas Alley, Tennessee Coal & Iron 
Div., U. S. Steel Corp. 

James Stewart Bell, Air Reduction Sales Co. 

G. J. Beyer, American Cast Iron Pipe Co. 

Edgar C. Blackburn, Tennessee Coal & Iron 
Div., U. S. Steel Corp. 

Aubrey Henry Bone, Tennessee Coa! & Iron 
Div., U. S. Steel Corp. 


Marvin E. Byram, Tennessee Coal & Iron 
Div., U. S. Steel Corp. 

Milton P. Burns, Tennessee Coal & Iron 
Div., U. S. Steel Corp. 

Norman H. Church, American Cast Iron 
Pipe Co. 

Rodger C. Daniel, Tennessee Coal & Iron 
Div., U. S. Steel Corp. 

Merle O. Davison, Tennessee Coal & Iron 
Div., U. S. Steel Corp. 

Hoyt L. Fowler, American Cast Iron Pipe 


Co. 
Herman Gauggel, Gauggel Engineering Co., 


Inc. 

Mitchell F. Hall, 
Regulator Company. 

Joseph L. Hammond, Jr., Southern Research 
Institute. 

Howard T. Hubbard, Southern Services, Inc. 

H. L. Hudson, American Cast Iron Pipe Co. 

J. W. Huling, Tennessee Coal & Iron Div., 
U. 8S. Stee! Corp. 

B. H. Jarrard, Tennessee Coal & Iron Div., 
U. 8S. Steel Corp. 

John K. F. Kruse, Instrument Engineering 


Minneapolis-Honeywell 


Co. 
Richard C. Latson, Monsanto Chemical Co. 


Horace A. Leyden, Jr., Tennessee Coal & 
Iron Div., U. S. Steel Corp. 


Clyde H. Little, Transcontinental Gas Pipe 
Line Corp. 


J. W. Lowery, American Cast Iron Pipe Co. 
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L. B. Lumpkin, The Bristol Co. 

Richard Eugene McLane, Tennessee Coal & 
Iron Div., U. S. Steel Corp. 

Edmond D. Messer, Hayes Aircraft Corpora- 
tion. 

Dan Moss, Instrument Engineering Co. 

bay Mason, Jr., American Cast Iron Pipe 
0. 

W. P. Owens, American Cast Iron Pipe Co. 

S. M. Rivers, Sloss-Sheffield Steel & Iron Co. 

William B. Sanford, Tennessee Coal & Iron 
Div., U. S. Steel Corp. 

J. R. Sartain, Tennessee Coal & Iron Div., 
U. S. Steel Corp. 

L. E. Schiffman, U. S. Pipe & Foundry Co. 

William H. Southard, Tennessee Coal & Iron 
Div., U. S. Steei Corp. 

William C. Sullivan, Jr., Monsanto Chemical 


Co. 

Albert L. Thomas, Jr., Southern Research 
Institute. 

W. E. Veenschoten, Copes-Vulcan Div. 

James D. Wheeler, Hayes Aircraft Corp. 
Claude Wright, Tennessee Coal & Iron Div., 
U. S. Steel Corp. 

CAROLINA PIEDMONT 
James L. Keever, E. I. 
& Co., Inc. 

William Louis Fuller, American Machine & 
Foundry Co. 
CENTRAL KEYSTONE 
Monroe Karl Deutsch, Mine Safety Applian- 
ces Co. 

Robert J. Fetrow, P. H. Glatfelter Co. 

Oliver Frey, Jr., P. H. Glatfelter Co. 

John R. Grim, Schmidt & Ault Paper Co. 

Arthur G. Groff, Bethlehem Steel Corp. 

Harold E. Herr, Armstrong Cork Co. 

James A. Hutchinson, Schmidt & Ault Paper 
Co. 

Paul H. Kauffman, Schmidt & Ault Paper 
Co. 

John J. Knox, Schmidt & Ault Paper Co. 

C. B. Lehmer, Bethlehem Steel Corp. 

Melvin W. Lehr, Schmidt & Ault Paper Co. 

William Nagorny, Schmidt & Ault Paper Co. 

Joseph F. Plonk, Schmidt & Ault Paper Co. 

CHARLESTON 
Dale C. Baker, Carbide & Carbon Chemicals 


du pont de Nemours 


Company. 
John Polansky, Carbide & Carbon Chemicals 
Company. 
George Ross Webber, Carbide & Carbon 
Chemicals Company. 
CHICAGO 


Wilfred A. Berger, Res. & Dev.—Pullman 
Std. Car Mfg. Co. 
Harold D. Ervin, J. P. Seeburg Corp. 
Siguard W. Melsted, University of Illinois. 
Donald K. Vandenberg, International Har- 
vester Company. 
CUMBERLAND 
William J. Hahn, Celanese Crop. of America 
EASTERN NEW YORK 
Joseph S. Zizzi, General Electric Co. 
EDMONTON 
Archibald Murray Ballany, Canadian Chemi- 
cal Co. 
James Gray, Peacock Brothers Ltd. 
John E. R. Johnson, The Lummus Co. 
Glenn H. Pendleton, Barber Engineering & 
Supply Co. Ltd. 
Harold James Sutherland, Canadian Meter 
Co. Ltd. 
John T. Young, Canadian Meter Co. Ltd. 
KALAMAZOO VALLEY 
Everett H. Lane, Rapids-Standard Co., Inc. 
KANSAS CITY 
Donald L. Cairns, General Motors Corpora- 
tion. 
LOS ANGELES 
Robert C. Blowers, Endevco Corp. 
William A. Cooke, Audio Products Corp. 
Harold F. Crawford, North American Avia- 
tion. 
Lester R. Daniels, Audio Products Corp. 
Clifford C. Dillon, Edcliff Instruments. 
Gaynard H. Fosdick, Consolidated-Vultee Air- 


craft Co., Pomona Division. 
Charles J. Fredericks, North American Avia- 
tion Co. 


George J. Giel, Audio Products Corp. 

Jack S. Gosaway, Kearfott Co. 

D. Keith Kinsey, Audio Products Corp. 

Martin L Klien, North American Aviation 
Co. 

Lawrence E. Leas, North American Aviation 


0. 

D. William Nestor, U. S. Naval Ordnance 
Laboratory 

John A. Rainsford, Ra-White, Inc. 

Edward Siemon, Robertshaw-Fulton Controls 
Co. 


Lee Snodgrass, A. O. Smith Cor 
Meter Division poration, 
Charles Snow, Precision Clock Laboratory, 
Walter L. Sterling, North American Avia. 
tion Co. 
W. F. Wolf, W. F. Wolf Machinery Co. 
Theodore S. H. Yee, North American Ayia. 
tion Co. 
Basil Vincent Zolli, Hughes Aircraft Co 
Research & Development Labs. 3 
LOUISVILLE 
James R. Whitehead, Industria! Instruments 
Steam Power Euipment. 4 
MONTREAL 
Donald A, Clarke, Canadian Pittsburgh Jp. 
dustries. 
NEW YORK 
Dominico A. Barone, Long Island Agric. 
Tech. Institute. 
Richard Gaylord Brouwer, Island 
Agric. & Tech. Institute. 
Alfred M. Delia, Long Island Agric. & Tech 
Institute. 
William Robert Gray, Long Island Agric. & 
Tech. Institute. 
Joseph Thomas Gresalfi, Long Island Agric. 
& Tech. Institute. 
Edward Patrick Harney, Long Island Agric 
& Tech. Institute. 
Joseph Thomas Hedges, Long Island Agric, 
& Tech. Institute. 
Alfred Hoppe, Long Island Agric. & Tech 
Institute. 
Jack Kertzman, Interchemical Corp. 
Garsten Henry Klosterman, Long 
Agric. & Tech. Institute. 
Henry A. Maminski, Long Island Agric. é 
Tech. Institute. 
E. C. McMillan, International Business Mach. 
Corp. 

Zbyszko Eugeniusz Miernik, 
Agric. & Tech. Institute 
George J. Mittelstaedt, Long Island Agric 

& Tech. Institute. 
Herbert K. Morgan, Long Island Agric. & 
Tech. Institute 
Howard S. Robertson, Jr., Long Island 
Agric. & Tech. Institute. 
George R. Folds, Jr., The Mercoid Corpora 
tion. 
NEW JERSEY 
Norman E. Barry, Varec Equipment. 
Daniel J. Cunningham, Hagan Corp. 
Raymond Alexander Franz, Photoswitch, Ine. 
Edward Massell, Electronic Associates, Ine. 
Walter E. Stockman, R. S. Crum & Co. 
NIAGARA FRONTIER 
Arthur E. MacNeill, M. D., Chronic Disease 
Research Institute, University of Buffalo, 
School of Medicine. 
NORTHERN CALIFORNIA 
Eugene E. Harrison, 
California. 
Alex M. Wayne, Bechtel Corporation, Power 
Div. 
NORTHERN INDIANA 
Wallace C. Anderson, U. S. Steel Corp. 
Charles Robert Andrews, U. S. Steel Corp. 
Hugh J. E. Beckham, U. S. Steel Corp. 
Wilford E. Fiegle, U. S. Steel Corp. 
Lawrence D. Hansen, U. S. Stee! Corp. 
Herbert R. Hiestand, U. S. Steel Corp. 
Harry L. Madsen, Inland Stee! Co. 
William P. Martin, Armour Lab. 
Joseph H. Mead, U. S. Steel Corp. 
Walter 0. Wycoff, U. S. Steel Corp. 
Fred J. Sirko, U. S. Steel Corp. 
Joseph J. Spurr, U. S. Steel Corp. 
John J. Vuich, U. S. Steel Corp. 
James Henry Weber, U.S. Steel Corp. 
Carl Victor Youngmark, U. S. Steel Corp. 
OAK RIDGE 
Alexander R. Kerr, Edenfield Electric, Inc. 
OGLETHORPE : 
H, Raymond Cole, National Carbon Div. of 
U.C.C, 
Guy Speaker, Abbott Co. 
PANHANDLE 
Wayne L. Griffiths, The Condit Co. 
PHILADELPHIA 
Charles W. Finney, Day & Zimmermann. _ 
Harvey J. Holdcraft, Jr., Socony Vacuum Oil 
Co., Ine. 
PITTSBURGH 
Wm. E. Bushnell, Blaw-Knox Co. 
Bruce E. Hamlett, B-I-F Industries, Inc. 
Bruce U. Hill, Jr., Blaw-Knox Co. 
F. Laurance Mangold, Mine Safety Applian 
ces Co. 
Paul G. McQuillen, Moore Products Co. 
John G. Rickert, Mellon Institute. 


Long 


Island 


Long Island 


Standard Oil Co. of 
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H. Schussler, John T. Fuhrman, Jr. 
P. Shibble, Blaw-Knox Co. 

er Tahl, Mellon Institute. 

E. Teresi, Hankison Corp. 

P. Trauterman, U. S. Bureau of 





—_ Mines. 


R. Zatkovich, B-I-F Industries, Inc. 





J 
W. Haskell, Willys Motros Inc. 
Fees D. Allert, Shell Oil Co. 

Donald Foster, Fluor Corp. Ltd. 
Cyril L. Griesbaum, Fluor Corp. Ltd. 
H. Nunn, Leeds & Northrup 
Peter A. Puleo, Industrial Process Equipment 





in John L- Webb, Shell Oil Co. 
A. Wasielewski, Kennard Corp. 
OMA 
via yo L. Boone, ARO, Inc. 
Kenneth J. Coughlin, ARO, Inc. 
ss John A. Morreal, ARO, Inc. 
Edwin H. Siniard, ARO, Inc. 
James C. Sivells, ARO, Inc. 
% WASHINGTON 
Samuel B. 
Standards. 
In- Wilhelm Alexander Geyger, U. S. Naval 
Ordnance Laboratory. 
Robert Eugene Higgin, U. S. Naval Ordnance 
Laboratory. : 

Sydney Smith Lee, Jr., S. S. Lee Associates. 
WILMINGTON 

Samuel Baroway, E. I. du Pont de Nemours 

& Co., Inc. 
Joseph F. Dolan, Scott Paper Co. 
Nicholas M. Sabatelli, E. I. du Pont de 
Nemours & Co., Inc. 
MEMBERS-AT-LARGE ; 

Scott Anderson, The Anderson Physical Lab- 
ie. oratory. : 
Leiland M. Duke, Waterways Experiment 

Station Corps of Engineers, U. S. Army. 
Eugene Thomas Fleischhauer, Experiment, 


Garfinkel, National Bureau of 


SF rf Fe Fw 


: oer E. Hendrickson, Westinghouse Electric 

id ew Lee Mason, National Bureau of Stand- 

& Daniel L. Neill, International Testing Ser- 

: John Paul Taylor, John Paul Taylor, Pub- 

d sak Syner, University of Florida Library. 
Leon A. Cricus, Watertown Arsenal. 

’ 


, Employment Service 


Employers are invited to submit list- 
ings for this free service. Write to 
Instrument Society of America, 1319 
Allegheny Ave., Pittsburgh 33, Pa. 


CHIEF INSTRUMENTATION ENGINEER— 
, Minimum M. S. Degree (or higher) in Engi- 
neering or Physics plus six years progressive 
experience in instrumentation. Must be 
familiar with oscillographs. Salary and age 
open. Location: Michigan. Box 924. 
SENIOR INSTRUMENTATION ENGINEERS 
—M. 8. or PhD in Engineering or Physics. 
Three to ten years instrumentation experience. 
Salary $7000 to $10,000. Age open. Location: 
Michigan. Box 925. 
INSTRUMENT ENGINEERS—B.S. or higher 
in Engineering, Physics, or Chemistry. One 
or more years instrumentation experience. 
Salary $5000 to $8000. Age open. Location: 
Michigan. Box 926. 
TEST ENGINEERS—AIl levels. B.S. or 
degree in Engineering and Physics. 
One to fifteen years’ experience in testing. 
Particularly interested in transients and dy- 
namic test experience. Salary $5000 to $10,000. 
Location: Michigan. Box 927. 
TECHNICIANS—Trade or partial college edu- 
tation desired. Particularly interested in men 
with two or more years’ experience in one 
°r more of the following fields: oscillographs, 
cers, telemetering potentiometer _re- 
corders, strain gages, or process control. 
Salary $4000 to $6000 per year. Location: 
igan. Box 928. 
ELECTRONIC ENGINEER (JUNIOR) — An 
pening exists for a graduate electrical or 
ronic engineer preferably with a back- 
fround experience or liking for instrument 
work, man with a good grounding in 
physics, mathematics and experience in ama- 
teur radio, radio servicing or military elec- 
tronies work might be acceptable The work 
will consist of devising test circuits, con- 
structing new test instruments, working out 
test methods, carrying out extended tests to 
P or improve products and contacting 
Customers to learn the characteristics desired 
of the products we wish to make for them. 
Excellent working conditions. Location: Penn- 
sylvania. Box 929, 
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Try a HELICOID. Find the toughest spot you have 
for a gage. Let the HELICOID prove itself. Let it 
show you how much these quality gages can save 
you, especially in maintenance, as the standard gage 
throughout your plant. 





HELICOID has no gears to wear out! 


Flutter, extreme surges, rapid pulsations—these break 
down ordinary gages but they can’t hurt a HELICOID 
because 1) the HELICOID has no gears, no teeth to 
wear out; 2) the cam releases from roller at maximum 
dial graduation (it resets automatically, instantly). 
See illustration below. 


Many Sizes, Many Styles 





You can get HELICOID Gages for pressure, vacuum, 
or compound service—in all pressure ranges; white, 
black or radiant faces; wall, stem, flush, and panel 
mountings, for flangeless cases. See your distributor 
today or write for catalog G-2. 











CAM 


Only HELICOID offers this long- 
lasting gearless gage movement 


HELICOID 


Pressure 
ee 


Vacuum 


GAGES 

















HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE 


927 Connecticut Avenue + Bridgeport 2, Connecticut 

























SECTION SECRETARIES 


and 
MEETING DATA 


AKRON 


Vv. J. Horning, 444 Catawba., Akron, 

Ohio 

Fourth Tuesday, Meeting 8:15 P.M. 
ALBUQUERQUE 


A. Richard Charlton, 1229 Girard Blvd., 
N. E., Albuquerque, New Mexico 
Second Thursday, Meeting at 8:00 P.M. 


ARK-LA-TEX 
Wm. H. Coates, Minneapolis-Honeywell 


Reg. Co., 2737 Linwood Ave., Shreve- 
port, La. 


ARUBA 
Nicholaas P. Schindler, P. O. Box 320, 


% Lago Oil & Transport Co. Ltd., 
Aruba, N.W.I. 
First Tuesday, 7:30 P.M., Engr’s Club. 


ATLANTA 
Roy W. Freeman, 27 Clarendon Ave., 


Avondale Estates, Ga. 
Fourth Monday, Dinner Meeting 6:30 
P.M. ODK Banquet Hall, Georgia Tech. 


BALTIMORE 
G. B. Greer, 631 East 36th St., Baltimore 


18, Md., Tel: Chesapeake 6879 
Second Friday, Meeting at 8:30 P.M. 


BATON ROUGE 
Richard S. Yahrmarkt, 1945 Tulip 


Street, Baton Rouge, La. 
First Monday, 7 P.M. 


BIRMINGHAM 
W. B. Sanford, 4143 Huntsville Ave., 


Brighton, Ala. 
BLUE RIDGE 
David C. Moore, Box 425B RFD No. 4, 
Roanoke, Va. 
Last Friday, Recreation Hall, Radford 
Arsenal, Radford, Va. 
BOSTON 
Joseph H. Bertram, 233 Harvard St., 
Brookline 46, Mass. 
Fourth Wednesday, Dinner 6:30 P.M. 
Meeting at 7:30 P.M. 99 Club, 99 State 
St., Boston, Mass. 
CAROLINA PIEDMONT 
Lawrence A. Schafer, % E. I. DuPont 
deNemours & Co. Inc., P. O. Drawer A, 
Camd-n, 8. C. 
Second Friday, Dinner at 7:30 P.M. 
Meeting at 8:00 P.M. Coach House 
Restaurant. 
CENTRAL ILLINOIS 
Eric B. Bensing, 1710 North Street, 
Peoria, Ill. 
Second Wednesday, 7:30 P. M. 
CENTRAL INDIANA 
J. C. Gruber, 6119 Burlington Ave., 
Indianapolis 20, Ind. 
First Tuesday, Dinner at 7:00 P.M. 
Business Meeting at 8:00 P.M. 
CENTRAL KEYSTONE 
Frederick C. Belsak, 17 Hoffer St., 
Steelton, Pa. 
CENTRAL NEW YORK 
Fred Lingel, 712 Summer Ave., Syra- 
cuse,, N. Y. 
Third Monday, Dinner at 6 P.M. Meet- 
ing at 8:00 P.M. 
CENTRAL OHIO VALLEY 
J. C. Dilliner, 813 Winton Avc., Belpre, 
Ohio, Tel: Belpre 87596 
First Tuesday, Dinner at 7:30 P. M., 
Hi-way Grille, Rt. No. 2 
CHARLESTON 
J. A. Rothwell, 310 24th St., Dunbar, 
W. Va. 
First Monday, Dinner at 6:15 P.M. 
Meeting at 8:30 Kanawha 
Terminal 


Airport 


CHICAGO 
Floyd E. Ertsman, Rm. 1420 Fisher 


Bldg., 343 S. Dearborn St., Chicago 4, 
Ill. Tel: WE 9-0686 

First Monday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M. Builders Club, 
228 N. LaSalle St., Chicago, Ill. 


CINCINNATI 
Richard E. Surkamp, 7347 Richmond 


Avenue, Cincinnati 36, Ohio 
First Monday, Dinner at 6:30 P.M. 
Meeting 8:00 P.M. Engineering Soc. of 
Cinn. 

CLEVELAND 
R. C. Van Hala, “% Van Hala Indus- 
trial Co., P. O. Box 2602, Lakewood 7, 
Ohio 
Secend Wednesday, Dinner 6:30 P.M., 
Meeting at 8:00 P.M. 

COLUMBUS 
J. A. Hamblin, 3549 Karl Rd., Colum- 


bus, Ohio 
Third Thursday, Meeting at 8:00 P.M. 
Battelle Auditorium. 


CUMBERLAND 
Clyde Babst, 225 Cecelia St., Cumber- 


land, Md. Tel: 583-W 
Fourth Wednesday, Dinner at 6:30 
P. M., Meeting at 8:00 P.M. Ali Ghan 
Shrine Country Club, Baltimore Pike. 
DENVER 
Lloyd O. Timblin, Jr., 937 Pleasant, 
Boulder, Colo. 
No regular scheduled meeting. U. of 
Denver, Science Bldg. Campus. 
DETROIT 
Philip Hill, Minn.-Honeywell Reg. Co., 
13631 Plymouth, Detroit 27, Mich. 
Third Wednesday, Meeting 8:00 P.M. 
EDMONTON 
E. G. McCourtney, “% Wells, H. Morton 


& Co., Ltd., 10251-106 St., Edmonton, 
Alberta, Canada. 


EASTERN NEW YORK 
Fred A. Ludewig, 2042 


Schenectady, N. Y. 
First Tuesday, Meeting at 8:00 P.M. 
Siena College, Loudonville, N. Y. 
FOX RIVER VALLEY 
John R. Redgrave, 109 S. Appleton St., 
fypleton, Wisc. 
virst Tuesday, 8:00 P.M. 
HOUSTON 
A. Costa, 3507 Milam St., Suite 204, 
Houston, Texas. 
Last Monday 8 P.M. U. of Houston 
Library. 
KALAMAZOO VALLEY 
John M. Perry, “% Arthur B. Sonneborn 
Co., 18322 McKay Tower, Grand Rapids, 
Michigan 
Fourth Wednesday, 8:00 P.M., Din- 
ner at 6:30 P.M. Meeting at Red Arrow 
Legion Post. 
KANSAS CITY 
E. J. Bumsted, 4010 Washington, Kan- 
sas City, Missouri 
First Tuesday, Meeting at 7:30 P.M., 
U. of Kansas City, Science Bldg., Rm. 
106. 
LAKE CHARLES 
W. L. Willoughib:. 2508 Louisiana Ave., 
Lake Charles, La. 
First Wednesday after last Monday in 
month. Columbia Southern Recreation 
Hall 
LOS ANGELES 
Robert W. Fulwider, 5225 Wilshire 
Blvd., Los Angeles 36, Calif. 
Second Wednesday, Dinner at 6:30 P. 
M. Meeting at 8 P.M. 


Broadway, 











LOUISVILLE s 
0. Vern Spousta, 2000 S. Brook St, 7 
Louisville, Ky. 

First Monday, Meeting at 8:09 PM 
Seagram Auditorium ; 

MILWAUKEE 
D. A. Spitz, Froedtert Malting Co., Box 
712, Milwaukee, Wisc. 

No Regular meeting, Milwaukee Engi. 
neer Society Bldg. 

MONTREAL 
J. R. White, % Canadian Industries 
Ltd., P. O. Box 10, Montreal, Quehee, 
Canada 
Last Monday of Month, Meeting 8:00 
P.M. 

MUSCLE SHOALS 
Frank W. Potter, T.V.A., Wilson Dam, 
Ala. 

First Thursday, Meeting 8:00 P.M. 
TVA Chemical Engineering Bldg. 

NEW JERSEY 
Eliot R. Hill, 1125 Kensington Aye, 
Plainfield, N. J. 

First Tuesday, Meeting 8:00 P.M, 
Essex House Hotel, Newark, N. J. 

NEW YORK 
R. A. Hutcheon, 45-65 196th St., Plush. 
ing 58, N. Y. Tel: BAyside 9-5432, 
Third Monday, Dinner at 6:00 P.M. 
Meeting at 7:30 P.M., Midston House, 
38th St. & Madison Ave., New York. 

NIAGARA FRONTIER 
Duran L. Hagler, 214 E. Delavan Aye, 
Buffalo, N. Y., Tel: Elmwood 1258, 
Fourth Monday, Dinner at 6:00 Py, 
Meeting at 8:00 P.M., N.Y.S. Technical 
Institute. 

NORTH TEXAS 
R. E. Byers, 6000 Lemmon Ave., Dallas 
9, Texas 

NORTHEAST TENNESSEE 
S. E. Abernathy, “% Equipment Sale 
Corp., 341-345 W. Market St., Kings 
port, Tenn. 

NORTHERN CALIFORNIA 
George W. Killian, 3718 Ramsey Court, 
El Sobrante, Calif. Tel: BEacon 4 
0523 
Third Monday, Meeting 8:00 P.M. 

NORTHERN INDIANA 
J. B. Beckman, 7145 Wicker Ave, 
Hammond, Ind. 

Second Tuesday, Meeting at 8:00 P.M. 
Whiting Community Center, Whiting, 
Ind. 

OAK RIDGE 
John E. Potts, 309 W. Vanderbilt Dr. 
Oak Ridge, Tenn. 

OGLETHORPE 
R. A. Coffield, 2219 E. 39th St., Savan- 
nah, Ga. 

Second Friday, 8 P.M. Reddy Kilowatt 
Room, Savannah Electric and Power 
Company. 

PADUCAH 
J. B. Russell, Carbide & Carbon Chemi- 
cals Co., P. O. Box 748, Paducah, Ky. 
Tel: 5-6311 Exe. 403 
Second Tuesday Dinner at 6:30 P.M. 
Meeting 8:00 P.M. 

PANHANDLE 
Baxter G. Clayton, 1003 Bonham, Ama- 
rillo, Texas 
Third Tuesday, Dinner at 7:30 P.M. 
Phillips Grade School Cafeteria, Phil 
lips, Texas. 

PERMIAN BASIN 
W. R. Henry, P. O. Box 1262, Odessa, 


Texas 
Second Tuesday, Dinner at 8 P.M. 
Tel: 2-2813. 


PHILADELPHIA 
Tel: 5-6311 Ext. 403 


William J. Leighton, % Conoflow Corp. 
2100 Arch St., Philadelphia 3, Pa. 
Third Wednesday, Elks Club, 1320 Areh 
St. Dinner at 6:30 P.M. Meeting at 
7:30 P.M. 
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.H. Peterson, Mellon Institute, 
4400 Fifth Ave., Pittsburgh 13, Pa. 
Ma. 1-1100 

Fourth Monday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M., Roosevelt Hotel 


pRESQUE ISLE 


L. Moore, American Meter ©Co., 920 
Payne Ave., Erie, Pa. 
Fourth Tuesday, 8:00 P.M. 


AND 
RicHt J. R. Plee, 1309 Roberdeau, Richland, 


Wash. Tel: 5-8692. 
Second Wednesday, 7:30 P.M. 


STER 
noe C. Schwarz, Jr., 1201 Granite Bldg., 


Rochester 10, New York Tel: Hamilton 
1468 

Fourth Tuesday, Meeting 8 P.M. U. of 
R. Bausch & Lomb Physics Lecture 
Room 109. 


SABINE-NECHES 
L. A. Desormeaux, 203 Pine St., Port 


Neches, Texas 

Last Tuesday, Meeting at 7:30 P.M., 
Orange County Court House, Orange, 
Texas 


SARNIA 
L. J. Hall, 730 Talfourd St., Sarnia, 


Ont., Canada, Tel: Edgewater 2258 
Fourth Monday 8:00 P.M. YM-YWCA 


SAVANNAH RIVER 
F. D. Reed, 516 Goldman St., North 


Augusta, South Carolina 
Second Wednesday, Dinner at 7:30 P. 
M. North Augusta Legion Post 


SEATTLE 
Frank S. Melder, 2439 76th N. E. Belle- 


vue, Washington 

Second Friday, University of Washing- 

ton, Guggenheim Hall 7:30 P.M. 
SOUTH TEXAS 

Homer C. Givens, P. O. Box 637, Fal- 

furrias, Texas Tel: 202 

First Thursday, Engineers Club. 
ST. LOUIS 

W. G. Lee, 4710 Delor St., St. Louis 

16, Mo. Tel: FL&8516 

First Wednesday After First Monday, 

Meeting at 8 P.M. 
TOLEDO 

Warren G. Myers, 2257 Upton Ave., 

Toledo 6, Ohio 

Third Tuesday, 8 P.M. Edison Service 

Bidg., W. Delaware Ave., Tolcdo, Ohio 
TORONTO 

John W. Huether, 311 Sutherland Dr., 

Leaside, Ontario, Canada Tel: HU- 

7114 

Fourth Thursday, Meeting at 8 P.M. 
TULLAHOMA 

Owedia A. Montgomery, ARO, Inc., 

GDF Instrument Branch, AEDC, Tulla- 

homa, Tenn. Tel: 636 

Second Tuesday, Meeting at 7:30 P.M. 


G. R. MeDannold, 220 N. Boston, Tulsa, 
Okla. 
First Monday, Meeting at 7:30 P.M. 
TWIN CITIES 
John L. Schmidt, 1879 University Ave., 
St. Paul 4, Minn., Tel: Dr 0064 
Dinner at 6:30 P.M., Meeting 7:30 P.M 
WASHINGTON 
Dr. Alfred Henley, American Instru- 
ment Co., Silver Spring, Md. 
Third Monday, Potomac Electric Power 
Co., Auditorium, 8 P.M. 
WAYNE COUNTY 
Clarence Ellison, 2443 15th St., Wyan- 
dotte, Mich., Tel: Avenue 2-4178 
Third Thursday, Casadei’s, 400 S. Fort 
St., Detroit, Mich. 8:00 P.M. 
WICHITA 
J. W. Rieg, Koch Engineering Co., 123 
S. Charles, Wichita 12, Kan. 
Third Thursday, 8 P.M., Scientific Bldg. 
WILMINGTON 
John Humphrey, Taylor Instrument 
Companies, R. D. No. 2, Lansdale, Pa. 
Third Tuesday, “Hunt Room”, Hotel 
Rodney, Wilmington, Del., Dinner 6:30. 
P.M. Meeting 8 P.M. 
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PANALARM “5( 
Examine for yourself every piec 
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Pittsburgh [Iron And Steel Conference 


The Fourth Annual Conference on 
“Instrumentation for the Iron and 
Steel Industry”, sponsored by the Pitts- 
burgh Section of the Instrument So- 
ciety of America, will be held in the 
Gateway Center, Pittsburgh, Pa., March 
23-26, 1954. This Conference will, for 
the first time, include an Exhibit fea- 
turing instruments and controls ap- 
plicable to the steel and allied indus- 
tries which will be displayed by local 
manufacturers and Pittsburgh repre- 
sentatives of various instrument com- 
panies. 

The hours for the Exhibit have 
tentatively been set from 9 A.M. to 
10 P.M. on March 23rd through the 
25th, and from 9 A.M. to 12 noon on 
March 26th. 


BEE; 














Stainless steel clad United States 
Steel Building located in the heart of 
Pittsburgh, steel center of the world. 


The final program has not as yet 
been determined, but as we go to press 
the following papers have been ac- 
cepted: “Pickling Acid Measurement 
and Control’, “Instrumentation for 
Modern Water Treating Plant”, “In- 
strumentation in the De-Mineralizing 
Plant of the Aliquippa Works of Jones 
and Laughlin Steel Corporation”, 
“Power Generating Facilities at the 
Ohio Works, United States Steel Cor- 
poration”, “Problems Encountered on 
New Soaking Pit Installation”, and 
“Panel Discussion on Training of In- 
strument Repairmen”. 

The keynote address at the tech- 
nical sessions of the Conference will 
be delivered by Dr. G. R. Fitterer, 
Dean of the School of Engineering and 
Mines of the University of Pittsburgh. 

The Annual Conference Dinner will 
be held on Thursday, March 25th at 
7 P.M. at the Roosevelt Hotel. D. R. 
Loughrey of Jones and Laughlin Steel 
Corporation will be the Toastmaster. 


60 


The principal speaker of the evening 
will be R. J. S. Pigott, Consulting 
Engineer. 


The fine record attained by the first 
of the Conferences on Instrumentation 
for the Iron and Steel Industry, and 
the increasing attendance each year 
attest to the interest in this outstand- 
ing event which brings together lead- 
ers of the Steel Industry. The 1953 
Conference was attended by 23 sepa- 
rate steel companies which sent repre- 
sentatives from 42 of their plants. 
Representatives from 20 allied indus- 
tries were also present. In addition 
three colleges, four scientific institu- 
tions, three publishing companies, and 
31 different instrument manufacturers 
were officially represented. The orbit 
of the Conference included 13 states. 
In addition to visitors from all neigh- 
boring states, registrants came from 
New Jersey, Indiana, Illinois, Alabama, 
Texas, the District of Columbia, and 
Ontario, Canada. 


The leaders of this year’s Conference 
are W. N. Flanagan, Consulting Engi- 
neer, Power & Fuel, United States Steel 
Corporation, and F. S. Swaney, Chief 
Combustion Engineer, Pittsburgh 
Works Division of Jones & Laughlin 
Steel Corporation. 


Further information concerning the 
Conference may be obtained from F. 8. 
Swaney, Jones & Laughlin Steel Cor- 
poration, 2709 Carson Street, Pitts- 
burgh 3, Pa. 


ST. LOUIS MEMBERS VISIT 
NEW POWER PLANT 


The new Meramec Power Plant of 
the Union Electric Company was 
visited recently by a large number of 
St. Louis Section members. The plant 
is one of the most modern in the 
country having a central control room 
equipped with the latest instrumenta- 
tion. 


Monthly meeting programs of in- 
teresting guest speakers, informal dis- 
cussions and movies has helped the 
St. Louis Section to maintain a high 
average of 40 to 50 membership at- 
tendance. 


CALIFORNIA SECTION 
CHANGES NAME 


A recent ballot o: California Section 
members resulted in the change of 
name to the Los Angeles Section of 
the Instrument Society of America. 
This Section will now be incorporated 
under that name as a California non- 
profit corporation. 


The Los Angeles Section now has 
420 full members. 





MONTREAL INSTALLS 
1954 OFFICERS 


At a recent meeting, the Montreal} 
Section installed its newly elected 
officers. President, John More; Vice 
President, Tom Hislop; First Year 
Director, Hugh Madget; Second Year 
Director, F. H. Farmer; Secretary. 
Treasurer, J. R. White; Recording 
Secretary, H. A. Baines; and National 
Delegate, John Hillen. 


NEW JERSEY SECTION 
ANNOUNCES PAPERS 
CONTEST WINNERS 


Approximately 100 members of New 
Jersey Section and their guests at 
tended the meeting at which the prize 
winning papers of the 1953 Papers 
Contest were announced. 


The First Prize ($100) winning 
paper was presented by Carl J. Holing- 
er of the American Cyanamid Com- 
pany, Calco Chemical Division, whose 
subject was “A User’s Program for 
Making Safety Discs.” Mr. Holinger 
described the four main uses and types 
of safety discs; namely, plate, flower 
bursters, frangible and remote break 
types. His description of these safety 
discs was exemplified by charts show- 
ing the various types. The formulae 
of breakage of safety discs was dis 
cussed in which the various constants 
for metals were covered as to their 
application in process industries. 

Leonard Hollinder of the Standard 
Oil Development Company was pre 
sented with $50 for the Second 
Prize winning paper with his subject, 
“Application of 3-way Control Valves 
in the Petroleum Industry.” The vari 
ous means of installing 3-way control 
valves with diverting and converging 
application were discussed. An anal 
ogy of sizing of 3-way valves compared 
to 2-way valves was discussed, using 
formulae for flow measurements 4s 
presently applied by the valve manw 
facturers. 

The Third Prize of $25 and last 
paper was presented to James F. 
Corcoran of the Chemical Construction 
Company, with the subject, “The Im 
portance of Instrumentation in the 
Service Areas of a Modern Chemical 
Plant.” Mr. Corcoran stressed the ap 
plication of instruments as a necessary 
science to processes providing the 
means by which the process can be 
made profitable. The use of slides 
made the presentation interesting and 
was heartily received by the members. 

Since the 1953 Papers Contest was 
such a great success, the New Jersey 
Section is again sponsoring the 1954 
Papers Contest which is now open 
any ISA MEMBER. Further informa 
tion may be obtained from Lindel 
Green, Bakalite Co., Bound Brook, 
New Jersey. 
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. Chicago Section 
Sponsors Course On 
Basic Instrumentation 


A basic course in fundamentals of 


e and Temperature Instru- 
pose being sponsored by the Main- 
tenance and Operation Committee of 
the Instrument Society of America, 
Chicago Section. An organization 
meeting was held, and to date a total 
of 158 have registered and paid a 
$10.00 fee covering the cost of the 
course and text book. It was neces- 
sary to form 3 separate classes to be 
able to handle the volume of students. 
The text book “Fundamentals of 
Pressure and Temperature  Instru- 
ments’ by Delmar Publishing Com- 
pany is being used. 


The three following qualified instruc- 
tors have been obtained to instruct 
classes in the “Basic Instrumentation” 
study course: 


Mr. George Hoff an Instrument Ap- 
lication Engineer for Corn Products 
fining Company, has a Masters’ De- 
in Chemical Engineering from 
Illinois Institute of Technology. 


Mr. F. W. Velguth is Process Applica- 
tion Engineer for Corn Products Re- 
fining Company, and prior to this was 
in the Instrument Application Section. 
He is a Chemical Engineering grad- 


uate from Cornell University. 
Mr. R. F. King an Instrument Appli- 
cation Engineer for Corn Products 
Refining Company, is a Mechanical 
Engineering graduate from Polytech 
Institute, Terre Haute, Indiana. 


The course has been divided into 12 
2-hour sessions. An outline of the 
course is as follows: 


Temperature and Its Measurement— 
Use, Units of Measurement, Specific 
Heat, Expansion of Solids and Liquids, 
Heat Transfer, Temperature-Electri- 
cal Relationship, Types of Measuring 
Devices. 


Pressure and Its Measurement—Sim- 
ple Gas Laws, Units of Measurement, 
Absolute Versus Differential, Buoy- 
ancy, Vapor Pressure, Liquid Level, 
Why Pressure is the Basis of All 
Measurement. 


Flow: Basic Theory and Measurement 
—Basic Theory, Primary Elements, 
Secondary Elements, Head Meters, 
Rotameters, Displacement Meters. 
Concentration—What it is, Units, 
Density, Specific Gravity, Conductiv- 
ity, Humidity, Boiling Point Rise, 
Methods of Measurement. 


Measurement As the Basis of Contro' 
—A certificate will be issued to those 
who satisfactorily complete the 
course. 


A future course is planned on In- 
strument and Process Control which 
will cover the following: Industrial 

oresses; Measurement and Control; 
Definition of Terms; Basic Control 
heory; Simple Controllers; Basic 
Controller Mechanisms; Pneumatic 
Mechanisms; The Control Valve and 
Valve Positioner; Industrial Control- 
ler Applications; Specialized Forms of 
Controllers; Specialized Controller 
Applications; Controller Applications 
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Members of the New York Section of ISA and educators from colleges and 
universities in the New York area who met and discussed the efforts made by 
the Society to keep educators better informed on instrument development 


progress. 


The discussion was held in connection with the Annual Students 


Night sponsored by the New York Section which set a new high attendance 


record of 211 men. 


of Fractionating Columns; Controller 
Applications on Heat Exchangers; 
Controller Applications in Industrial 
Air Conditioning; Controller Installa- 
tion; Controller Adjustments; General 
Checking and Testing Procedures; 
Glossary of Terms; and Advanced 
Control Theory. 


SABINE NECHES TO 
INSTALL OFFICERS 


The following newly elected officers 
of the Sabine Neches Section were 
installed at a dinner meeting in late 
January. 

Taking office for the new year are 
President, Robert F. Mahood; Vice 
President, J. T. Donnelly; Secretary 
and Treasurer, L. A. Desormeaux and 
Program Chairman R. L. Patton. 
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UNSURPASSED STASILITY — EXCEPTIONAL LIGHT SENSITIVITY 
PATENTED MAGNETIC MODULATION — NO ZERO ADJUSTMENT 
CONVENIENT SMALL SIZE 5 X 7! X13 IN. 

LIGHT IN WEIGHT — ONLY I1!/ POUNDS 


WRITE FOR 12-PAGE BOOKLET GIVING OPERATION CURVES, 
RESULTS OF LABORATORY TESTS AND OTHER VALUABLE IN- 


Refiection Unit Accessory with Voltage Regulated Transformer — 
$135.00. 


EASTERN NEW YORK 
ELECTS NEW OFFICERS 


The following men have . been 
elected for the 1954-55 term of office: 
President, Robert W. Carter; Vice 
President, Herbert Robinson; Treasur- 
er, William J. Maxwell; Corresponding 
Secretary, Fred A. Ludewig; Record- 
ing Secretary, Robert A. Wolf: Na- 
tional Delegate, George F. Gardner. 


WILMINGTON ELECTS 
OFFICERS 


Wilmington Section announces new 
officers for 1954. President, William 
A. Crawford; Vice President, William 
C. Ruglass; Treasurer, Lloyd M. 
Combs; Secretary, John Humphrey; 
National Delegate, Harry L. Rash. 


An arval. r [ r tomet 


For Light-Measuring Operations 
in Scientific Research and 
Industrial Process Control. 





Especially Well Adapted for 
e PHOTOMICROGRAPHY 
e MICRODENSITOMETRY 
e REFLECTOMETRY 
e COLORIMETRY 
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Warren H. Brand, First Vice Presi- 
dent of the Instrument Society of 
America presented the charter to the 
Birmingham Section on January 25 
before an audience of fifty members, 
friends, and guests of the newly 
formed Section in Alabama. 

Mr. Brand gave a short history of 
the Society and local Section respon- 
sibilities and the role the Birmingham 
Section will play in the Southeastern 
section of the country. 


The Oak Ridge Section elected new 
officers for the coming year at their 
annual business meeting. President, 
W. J. Greter; Vice President, W. G. 


stalled: 
Vice President, Albert Thomas; Corre- 
sponding Secretary, William Sanford; 
Secretary, G. D. Mitchell; Treasurer, 
Joseph Hammond; National Delegates 
Mitchell Hall; and Program Chairman, 
W. E. Veenschoten. 


OAK RIDGE ELECTS NEW OFFICERS 


S. Fort; 
Treasurer, J. A. Jacobs; National Dele- 
gate, G. Ritscher; Executive Counce- 
lor, J. O. Alexander. 


BIRMINGHAM SECTION RECEIVES CHARTER 


D. C. Little, Technical Vice Presi- 


dent, gave an outline of the functions 
of this important National Committee. 


The following local officers were in- 
President, Fred Rutledge; 


Secretary, J. F. Potts; 
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WHAT DO YOU REQUIRE OF AN AIR REGULATOR? 
IS IT CAPACITY? 


Kendall Medel! 10 Air Pressure Regulator gives up to 
35 CFM with 90 PSI supply pressure 


IS IT ACCURACY? 


Increasing fiow overcomes downstream line losses by 
jet tube venturi action in the Kendall Model 10 


IS IT FREEDOM FROM 
SUPPLY PRESSURE INFLUENCE? 


50 PS! variation in upstream pressure will result in 
less than 0.05 PSI change in downstream pressure 
on dead end service when you use a 


KENDALL MODEL 10 
AIR PRESSURE 
REGULATOR 
AVAILABLE %" or %” N. P. T. 
RANGES 0-2, 10, 30, 60, 150 PSIG 
Send tor 8ULLETIN 4521 


KENDALL CONTROLS: CORPORATION 
WALTHAM 54, MASS. 
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The most interesting thing to 
most people — is other people 


LYMAN H. ALLEN, JR. has been 
promoted to the position of Direct 
of Engineering of Celanese Services, 
S.A. 
ISA 

Howard W. 
Hudson ha 
been appointe) 
Vice Presiden 
of Panalary 
Products, Ine, 
Chicago, Ih 
nois, manufae 
turers of indy 
trial annunes 
tor systems. 

In this pos 
tion, Howan 
an ISA member 
of the Chicago 
Section, will be in charge of the con. 
pany’s engineering and production a 
tivities. 





—ISA— 


BERNARD A. ARTZ, formerly with 
ARO, Inc., at Tullahoma, Tennessee 
has joined International Testing Sery. 
ice at Saginaw, Michigan as an Ip 
strumentation Engineer. Mr. Art 
was charter President of the Tull- 
homa Section when it was formed in 
June, 1953. He is also a member of 
the National Committee on Data 


Handling. 
=—ttac 


KENNETH L. PURDUE, formerly 
with Spencer Chemical at their Ken 
tucky plant, has joined International 
Testing Service at Saginaw, Michigan 
Mr. Purdue has assumed the duties 
of Laboratory Supervisor in the mail 


laboratory. 
iSA— 


RICHARD F. ROBERTS retired De 
cember Ist from Minneapolis-Honey- 
well Regulator Company—Brown In 
strument Division. Dick has been 4 
loyal ISA member from its very be 
ginning being a 1942 Charter membe 
of the Original Society for Measuré 
ment and Control (N.J.) He was th 
New Jersey representative to th 
April, 1945 meeting in Pittsburgh a@ 











which the Instrument Society 
America was formed by federation 
the then existing local organizati 


ISA 


Lawrence E. 
(Larry) Ken- 
nedy one of the 
organizers of 
the Savannah 
River Section of 
ISA has been 
transferred by 
the Minneapolis- 
Honeywell Reg- 
ulator Company 
to Birmingham, 
Alabama. Larry 
will head up the 
sales activities 
of his company in that district. 
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Kendrick PJ. Coachman 


The Eastern New York Section an- 
unces with deep regret the recent 
f their Vice President, Ken- 

ick P. Coachman. 
heen employed by the Taylor In- 
strument Companies and served the 
Eastern New York Section in various 


Walter F. Gieryk 


Walter F. Gieryk, charter member 
of the Pittsburgh Section died sudden- 
ly of a heart attack on Christmas Eve, 
1953. Walter, a graduate of Rensse- 
laer Polytechnical Institute, was pres- 
ident of Equipment and Controls En- 
gineers, Inc., and vice president of 
M. S. Jacobs and Associates, Inc. 
is survived by his wife Ruth Corbett 
Gieryk and twin sons, Thomas R. and 
Rene W., aged 15. 


cGShit CFfarahirn fhy 


Ewald Krauledis 


The Chicago Section has notified 
the National Office of the recent death 
of its member, Ewald Krauledis. 
Krauledis was employed by the Hot- 
point Company. 


&. Ralph Manning 

The New York Section announces 
with deep regret the death of E. 
Ralph Manning of the Weston Electri- 
cal Instrument Company. Ralph had 
been a staunch supporter of ISA ac- 
tivities and had served the New York 
Section as President and 
official capacities. 
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Leo Paulic 


The Tullahoma Section regretfully 
announces the death of Leo Paulic 
who drowned while on a recent hunt- 
Mr. Paulic was a charter 
member of the Tullahoma Section. 
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SECTION visits the BALTIMORE 


BALTIMORE 
families and guests. 
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NEW JERSEY SECTION 


SIXTH ANNUAL SYMPOSIUM 


The Sixth Annual 


Sponsored by the New Jersey Sec- 
tion of ISA the Symposium will con- 


sist of five original papers presented 
by top flight instrument engineers. 
All papers will be bound in one book 
and will be available at the meeting 
as part of the registration. Topics in- 
clude: “History of Flow Measurement,” 
“Electromagnetic Flow Meter,” “Ap- 
plication of New Types of Flow Meas- 
uring Devices,” and “Variable Area 
(Rotometer) Flow Elements.” 

write 
West 


For further information 
Robert Quick, 17 Lee Drive, 
Caldwell, New Jersey. 


ISA JEWELRY FOR SALE 


Lapel buttons and tie holders bear- 
ing the ISA emblem may be purchased 
from the National Office. Attractive 
gold lapel buttons designed in the 
shape of the official ISA emblem are 
inlaid with white enamel and are 
approximately one-half inch high. 
Gold-filled buttons are priced at $2.00 
each, and gold-plated ones at $5.00 
each. The tie-clasp and chain, from 
which is suspended the identical emb- 
lem in the form of a key, is gold- 
filled and priced at $5.00. 


Please mail your order and payment 
to Instrument Society of America, 
1319 Allegheny Avenue, Pittsburgh 
33, Pa. 


A. KR. Rodda 


It is with deep regret that the Sa- 
vannah River announces the death of 
one of their members, A. R. Rodda, 
824 Brandy Rd., Aiken, S. C. 


Ralph Sherman 


The National Office has just learned 
of the death of Ralph Sherman, Man- 
ager of the Sherman Electric Com- 
pany, Inc. Mr. Sherman was a mem- 


ber of the Pittsburgh Section and 
lived in Warren, Ohio. 
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Symposium on| 
Flow and Its Measurements will be | 
held at the Essex House Hotel, New-| 
ark, New Jersey on Tuesday, April 6, | 
1954. 














CRYSTAL 


CALIBRATOR 


MEASUREMENTS CORPORATION 


Model 111 





“nance; .25Mc.—1000 Mc. 


FREQUENCY ACCURACY: 


+0.002% 








A Dual-Purpose Calibrator 


¢ CRYSTAL-CONTROLLED 
OSCILLATOR 


¢ BUILT-IN DETECTOR’ 
2 Microwatt Sensitivity 


Designed for the Calibration and 
Frequency Checking of Signal Gen- 
erators, Transmitters, Receivers, 
Grid-Dip Meters and other equip- 
ment where a high degree of fre- 
quency accuracy is required, 


Harmonic Range: 
-25 Mc. Oscillator: .25-450 Mc. 
1 Mc. Oscillator: 1-600 Mc. 
10 Me. Oscillator: 10-1000 Mc.) 


117 volts, 50/60 cycles; 18 watts,) 
6" wide, 8” high, 5” deep; 4 Ibs. 


MEASUREMENTS 


CORPORATION 





Boonton New Jersey 








MARCH, 1954 


American Chemical Society, Pittsburgh Sec- 
tion, and Spectroscopy Society of Pittsburgh, 
5th Conference on Analytical Chemistry and 
Applied Spectroscopy, Pittsburgh, Pa., Hotel 
William Penn. For information write A. T. 
Winstead, 1155 16th Street, N. W., Washington, 
D.C. March 1-5. 


American Institute of Chemical Engineers, 
National Meeting, Washington, D. C., Hotel 
Statler. For information write Randall D. 
Sheeline, General Chairman, 1411 Westmore- 
land Dr., Falls Church, Va. March 8-10. 

American Society of Mechanical Engineers, 
International Meeting, Mexico City. D. F., Ho- 
tel Del Prado. For information write O. B. 
Schier, II, Meeting Manager, 29 West 39th 
Street, New York 18, N. Y. March 10-12. 


National Association of Corrosion Engineers, 
Annual Convention, Kansas City, Missouri, 
Muncipial Auditorium. For information write 
A. B. Campbell, Executive Secretary, 1061 
M and M Bidg., Houston 2, Texas. March 
15-19. 

Physical Society, Ann Arbor, 
Michigan, University of Michigan. For in- 
formation write K. K. Darrow, Columbia 
University, New York 27, N. Y. March 18-20. 


American 


Institute of Radio Engineers, National Conven- 
tion, New York City, Waldorf Astoria Hotel 
and Kingsbridge Armory. For information 
write E. K. Gannctt, Administrative Editor, 1 
East 79th Street, New York 21, N. Y. March 
22-25. 


American Power Conference, 16th Annual 
Meeting, Chicago, Illinois, Sherman Hotel. For 
information write D. A. Sullivan, Chairman, 
Industry Committee, 72 West Adams Street, 
Chicago 90, Illinois. March 24-26. 


American Chemical Society, 125th National 
Meeting, Kansas City, Missouri. For informa- 
tion write A. T. Winstead, 1155 16th Street, 
N.W., Washington 6, D. C. March 24-Apri! 1. 


Instrument Society of America, Fourth Annual 
Conference of Instrumentation for the Iron 
and Steel Industry, sponsored by the Pitts- 
burgh Section, Gateway Center, Pittsburgh, Pa. 
For information contact F. S. Swaney, Jones 
& Laughlin Steel Corporation, 2709 Carson 
Street, Pittsburgh 3, Pa. March 23-26. 


Society of Automotive Engineers, National 
Production Meeting and Forum, Chicago, IIli- 
nois, Drake Hotel. For information write W. 
W. Milne, Business Manager, Meetings Divi- 
sion, 29 West 39th Street, New York 18, N. Y. 
March 29-31. 


APRIL, 1954 


American Society of Lubrication Engineers, 
Annual Meeting and Exhibit, Cincinnati, Ohio, 
Netherland-Plaza Hotel. For information 
write William P. Youngclaus, Jr., Administra- 
tive Secretary, 84 East Randolph St., Chicago 
1, Illinois. 


American Institute of Mining and Metallurgical 
Engineers, Open Hearth Conference and Blast 
Furnace, Coke Oven and Raw Materials Con- 
ference, Chicago, Illinois, Palmer House. For 
information write H. N. Appleton, Convention 
Manager, 29 West 39th Street, New York 18, 
N. Y. April 5-7. 


National Packaging Exposition, Atlantic City, 
N. J., Atlantic City Auditorium. For informa- 
tion write Clapp and Poliak, 341 Madison Ave., 
New York 17, N. Y. April 5-8. 


American Crystallographic Association, Nation- 
al Meeting, Cambridge, Mass., Harvard Uni- 
versity. For information write E. W. Hughes, 
President, California Institute of Technology, 
Pasadena 4, Calif. April 5-9. 


Society of Automotive Engineers, National 
Aeronautic Meeting, Aernautic Production 
Forum and Aircraft Engineering Display. For 
information write W. W. Milne, Business 
Manager, Meeting Division, 29 West 39th 
Street, New York 18, N. Y. April 12-15. 


Society For Experimental Stress 
Spring Meeting, Cincinnati, Ohio, 
Plaza Hotel. For information write 
Paris, P. O. Box 168 Central Square § 
Cambridge 39, Mass. April 14-16, 7 


American Institute of Electrical 
Southern Textile Conference, Atlanta, 
Georgia Institute of Technology. For i 
tion write Headquarters, 33 West 39th: 
New York 18, N. Y. April 15-16, 


American Institute of Electrical 
Conference on Feedback Control; Atlan 
New Jersey, Claridge Hotel. For 
write Headquarters, 33 West 39th St 
York 18, N. Y. April 22-23. 


Institute of Radio Engineers, 8th An 
vision Conference, Cincinnati, Ohio, 
formation write E. K. Gannett, Admi 
Editor, 1 East 79th Street, New York 2) 
April 24. 


American Society of Tool Engineers, 
ennial Industrial Exposition, Philad 
hiladelphia Museum and Convention Ha 
information write Harry E. Conrad, 
tive Secretary, 10700 Puritan Avenue, 
21. Mich. April 26-30. 3 


Association of Consulting Chemists and 

ical Engineers, Symposium and Banquet, 
York City, Hotel Belmont Plaza. For i 

tion write A. B. Bowers, Director of 


50 East 41st Street, New York 17, N. Yq 


27. 

American Physical Society, Washington, 
For information write K. K. Darrow, \ 
University, New York 27, N. Y. April 


1. 
SEPTEMBER, 1954 


Instrument Society of America, First 
national Instrument Congress and Exp 
Philadelphia, Pa., Philadelphia Mu 
Convention Hall. For information write 
Jones, Jr., Society Manager, 1319 Al 
Ave., Pittsburgh 33, Pa. Sept. 13-24. 





planning special 
symposia, or exhibits of in 
to ISA members, forward in 
mation concerning 
topics and dates early in 
planning, so that ISA Na 
Headquarters may assist in p 
venting undesirable conflicts. 

Please forward information 
P. V. Jones, Jr., Society M 
ager, Instrument Society 
America, 1319 Allegheny A 
nue, Pittsburgh 33, Pa. 





It is suggested that gre ps 
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potential 
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Jerguson Gage & Valve Company 


Roy Elliott Company 


Kendall Controls Corporation 
Frederick A. Russell 


Leslie Company 
Mercready, Handy G Van Denburgh 
Measurements Corporation 
Frederick Smith Advertising Agency 
Panalarm Products, Inc. 
Thomas R. Sundheim 
Statham Laboratories 
Western Advertising Agency, Inc 
Taylor Instrument Companies 
Batten, Barton, Durstine G Osborn, Inc. 


W. M. Welch Mfg. Company 


H. A. Hooker Advertising Agency, Inc. 


The Bristol Company 
James Thomas Crirurg Company 
Dale Products, Inc. 
, Ayres and Associates, Inc. 
First International Instrument 
Congress & Exposition 
' The Aitkin-Kynett Company 
Fisher Governor Company 
Weston-Barnett, Inc. 
The Foxboro Company 
Horton-Noyes Company 
Helicoid Gage Division 
American Chain & Cable Co. Inc. 
_Reincke, Meyer & Finn 
Helipot Division of Beckman 
Instruments, Inc. 
Darwin H. Clark Company 








